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1-1-GeneraI Statement 
What have been studied in history of geology in Iran on Zagros Structural Beh (ZSB) 
of South-West of Iran, is more noticeable to many internal and external scientists 
because of presence of oil and other natural resources and beautilul geological 
structures. 
Eurasian plate in north and Arabian plate in south (1 lu i-i) are respectively two 
plates, which are bounded by Iranian region in the Alpine-Himalayan System. Two 
main belts, related to Alpine fold are: a) Alborz Belt in north b) Zagros Structural 
Belt (trend NW-SE). In fact these two belts have formed V shape in such a way that 
they are meeting each other in the end of Azarbayejan province. 
^ ' » « r i 
Mu, 
'*anai 
*'^'='0r,, 
• ^ r ^ n . 
nt,o)a 
,s#* N\' 
»?.V 
Fig. 1-1) Shaded digital elevation model for the Zagros and adjacent areas, with a 
schematic model for the variation in strain accommodation within the Zagros at 
different longitudes. Large arrows show approximate Arabia-Eurasia plate 
convergence directioa HZF-High Zagros Fault; MRF-Main Recent Fault; MZRF-
Main Zagros Reverse Fault (After Blanc et al. 2003) 
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On the other hand earth scientists received their first glimpses of the earth fi-om space 
in photographs fi-om Ballon missions in the early 1960s. Satellite imagery has a great 
impact on the scientific understanding of the geology, although most widely used 
comprehensive space data are for the earth sciences. Tectonic landforms visible on 
space imagery can thus aid in deciphering the structural history of an area in context 
with adjacent areas. 
The pioneer work for the division of geology of Iran was done by Stocklin (1968). He 
divided Iran into nine regions of different history, structure and sedimentation. Later 
other workers (Berberian 1976, Co!nian-Sadd 1978, Dar\ishzade!i 1992. Rangzan 
1993) redefined these divisions, which are as follows: 
1-Kopeh dagh 
2-Alborz Belts 
3-Makran Accretionary Complexes 
4-East of Iran Belt 
5-Central Iran Blocks (including Lut and Tabas blocks) 
6-Urumieh Dokhtar Arc 
7-Sanandaj-Sirjan Zone (SSZ) 
8-Imbricate Zone (IZ) 
9-Zagros Fold Belt (ZFB) 
10-Molasse Cover Sequence (MCS), characterized by distinct geological signatures. 
With reference to plate tectonic theory and tectonic activities the collision of the Neo-
Tethys and their later compressional movements were responsible for development 
of Zagros Structural Belt. The collisions of Iranian and Arabian plates in Miocene age 
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resulted in the formation of Zagros Mountains. The Zagros Structural Belt extends for 
1500 km from Tarus Mountains in southeast Turkey, through south-west Iran, and 
terminates near the strait of Hurmoz at the mouth of the Persian Gulf abutting against 
the Minab Transcurrent fault (Berberian i 976). 
The Zagros Structural Belt comprises five litho-tectonic iinits from NE to SW, are 
Urumieh-Dokhtar Arc (UDA), Sanandaj-Sirjan Zone, Imbricate Zone, Zagros Fold 
Belt, and the Molasse Cover Sequence (Rangzan and Iqbaluddin 1998). 
The Zagros active fold belt, mainly in its central part of Zagros is the most seismic 
sensitive zone of Iran. The compression resultir^ from the drift of Arabia against 
Eurasia is responsible for deformation which started at Laramidin phase in N 55° E 
direction, continued during the Tertiary (N 40°E- N 45°E) & Quaternary (Berberian 
1972, 1973). Maps of epicenters or of seismic activities are given by Gutenbrg & 
Richter (1954), Peronaci (1958). Falcon (1969), Banisadr (1969), Barzangi & Porman 
(1969), Nowroozi (1971), Niazi. (1968,1975) Nabavi (1972), Mckenzie (1972), 
Berberian (1973), Tchalenko & Brand (1974), Berberian & Tchalenko (1975), Asudeh 
(1982), Jackson et al (1984) and Satterzadeh et al. (2000) . 
The continuing tectonic deformation of the Zagros can be demonstrated with cases of 
active faulting (Berberian 1976). He reported that the vertical movement and rapid 
growth of anticlines are mostly in southwest flank. Due to tectonic activities and 
related movements in the Zagros belt the early deformation are continuing to the 
present day resulted in the formation of another major structure, called the "Main 
Recent Fault" (Tachalenko and Braud 1974). 
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Many earth scientists worked on different aspects of geology of Iran. They are Pilgrim 
(1904,1908), Stahl (1911). Boeckh el a! (1929), Baier(1938), Furon (1941), NOIC 
(1959), Dehghani and .Abdaiian (1961-1952-1963), Khain (1964), James and Wynd 
(1965), Oberlander (1965), Afshar (1960-1961-1969). Akasheb (1971-1972). Takin 
(1972), Berberian (1971-19-2). Falcon (1958-1961-1967-1969-1979). Stocklin( 1968-
1974). Gansser (i955-l^'^o4-l9Sl). Hushmandzadeli (1972-1973). Colman-
sadd(1978), Berberian (19~- 1974-1975-1976-1981). Rico (1973-1975). Havnes and 
Mcquillan (1974-1975), \owrozi( 1976). Geise et a! (1983). Snyder and 
Barzangi( 1986). Berberian and King( 1981), Markis (i 983.1991). .Alavi( 1980-1991), 
Haghipur(1992). Rangzan(! '^93). Tavakoli(1996), Bird(1987), British Petroleum 
Co.(1965), Schumm & Rea(1995), Rangzan and Iqbaluddin (1998) and Ali et al 
(2003). 
In order to study the structural and tectonic behaviour of Zagros Structural Belt 
various digital satellite data such as Landsat Thematic Mapper (TM) dated June 1991 
and Landsat Enhanced Thematic Mapper (ETM) dated October 2002 have been 
acquired for the study of parts of SW Iran, i.e. Andimeshk to Brojerd city. The digital 
topography maps on the format of Digital Graphic Number (DGN) have also been 
acquired from Iranian Surveying Organization (ISO). 
The study has been carried out using Remote Sensing and GIS techniques to interpret, 
analyze and generate various maps and Digital Elevation Model (DEM) of the total 
study area for structure and tectonic geomorphology evaluation of Zagros Structural 
Belt of southwestern Iran. 
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1-2- Study Area 
The study area (I i- i :) extends from Dezful of Khuzestan province to Khorramabad 
and Doorud-Brojerd of Lorestan (Lurestan) province in the north. 
Administratively the study area is in parts of Khuzestan and Lorestan provinces of the 
Islamic Republic of Iran. The important cities in the study area are Dezfiil, 
Andimeshk, Pule-Dukhtar, Sepiddasht, Khorramabad, Durud and Brojerd. 
These two provinces are most important from geological point of view as both of 
them are located in such within the Zagros Structural Belt. Both the provinces have 
different lithostratigraphic and geomorphologic settings. Zagros Mountains vary in 
elevation from about 142 meters to 4000 meters above Mean Sea Level (MSL). 
The study area is bounded by Longitude 47° 58' 1.42" - 49° 18' 50.63" E and 
Latitude 32° 21' 40.94" - 34° 29.10" N of Landsat imagery-9-Nov-2002, with 
Path/Row number 166/037 (F ig 1-2) and is covered by digital topographic sheets of 
Dezfiil and Khorramabad blocks of ISO numbers (5654, 5655, 5656, 5657, 5755, 
5756, 5757, 5855, 5856) on scale 1:25000 (Fiy 1-3). 
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Dezfii Embavment 
• - V Andimeshk ' ' 
? Dezful 
Fig. 1-2) Map showing the study area in SW Iran 
• SSZ- Sanandaj Sirjan Zone 
• ZFB-Zagros Fold Belt 
• HZ-High Zagros 
• MZT-Main Zagros Thrust 
• MCS-Molasse Cover Sequence 
-Index Blockjd Scale 1: 25000. It«i I " 
Fig. 1-3) Shows 1:25000 Index map blocks of the ISO. Study area is based on 
toposheets of Dezfiil Block & Khorramabad Block 
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1-3-Materials Used 
l-3-l-Data Acquisition 
Landsat-5 TM and Landsat-7 ETM-2002 satellite data were purchased from Iranian 
Remote Sensing Center (IRSC) whereas digital topography maps in the scale 1:25000 
were provided by ISO. The various maps like geology, geomorphology and tectonic 
were provided by the Remote Sensing and GIS centre of Shahid Chamran University, 
Ahwaz, Irem. 
The Global Positioning System (GPS) was procured to check the ground control 
points (GCP) during the field visits. 
1-3-2-Landsat TM -1991 (Fig 1-4) Data 
Scene ID (Fig.1-4) : 2233074-01 WRS =166/03700 
Date (YYYYMMDD) : 19910630 
Satellite : L5 
Instrument / sensor 
Product Type 
Projection 
USGS Projection # 
USGS Map Zone 
Pixel size (meters) 
List of bands on tape 
Pixels per scan line 
Scan lines per image 
:TM 
: ORBIT ORIENTE 
:SOM 
: 21 
: 166 
: 28.50 
: 1234567 
:6967 
:5965 
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Longitude Latitude Easting Northing 
DDDMMSS.SSSSH DDMMSS.SSSSH (meters) (meters) 
Upper-left : 0471115.9147E 340534.9360N 38547L841 16310323.148 
Upper-right: 0491812.1741E 334712.2477N 583672.010 16321779.635 
Lower-right: 0485836.3260E 321645.2629N 573863.441 16491470.391 
Lower-left : 0465345.8391E 323449.5090N 375663.273 16480013.904 
LandssT TM f aTeltlte da» of 
bjndi 7-4-1-1991 SW IrJn 
- n ». I I - l - t -
Fig. 1-4) Satellite TM data of the ZSB, SW-Iran 
1-3-3-Landsat ETM+ Data (2002) 
FORMAT 
Landsat data are provided in GeoTIFF as radiometrically and geometrically corrected 
(level-10) products. OeoTIFF defines a set of publicly available TIFF tags that 
describe cartographic and geodetic information associated with TIFF images. 
OeoTIFF is a format that enables referencing a raster image to a known geodetic 
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model or map projection. The initial tags are followed by image data that in turn, may 
be interrupted by more descriptive tags. 
DATA FILE NAMES 
The file naming convention for Landsat-7 ([ i _ ^) GeoTEFF is as follows: 
L7fppprrr_rrrYYYYMMDD_AAA.TIF where: 
L7 = Landsat-7 mission 
f 
ppp 
rrrrrr 
YYYYMMDD 
AAA 
BIO 
B20 
B30 
B40 
B50 
B61 
B62 
B70 
B80 
MTL 
TIF 
= ETM+ data format (1 or 2) 
= starting path of the product 
= starting and ending rows of the product 
= acquisition date of the image, 2002-NOV-9 
= file type: 
= band 1 
= band 2 
= band 3 
= band 4 
= band 5 
= band 6L (low gain) 
= band 6H (high gain) 
= band 7 
= band 8 
= Level-1 metadata 
= GeoTIFF file extension 
The file naming convention for other Landsat GeoTIFF is as follows: 
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LTNppprrrOOYYDOY10_AA. TIF where: 
LT = Landsat thematic mapper 
N = satellite number. This should be 
ppp 
rrr 
0 0 
YY 
DOY 
1 
valid against the satellite field 
if used exclusively 
= starting path of the product 
= starting row of the product 
= WRS row offset (set to 00) 
= last two digits of the year of 
acquisition 
= Julian date of acquisition 
= instrument mode 
0 = instrument multiplexor (MUX) 
AA = file type: 
Bl = band 1 
B2 = band 2 
B3 = band 3 
B4 = band 4 
B5 = band 5 
B6 = band 6 
B7 = band 7 
TIF = GeoTIFF file extension 
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LandsatETM-2002,FCC 7-4-2. ZSB,SW-lrai 
i ; t i : t ;e r O r C ' j :00;C:i !>;Oii :0 \ f ; t ) : 
I'V. m.-r^cur.-
I I 
Figl-5) Satellite ETM image, 2002 of the study area 
1-3-4-Softwares Used 
The different software were used to access the goal for the complementation of the 
present research work are as follows: 
• Microstation J, used for monitoring the topography maps, to change in 
required formats and to make possible corrections 
• Rivertools2.4 software, used for creation of DEM and extraction of 
geomorphic parameters 
• ER-Mapper 6.1 software used for geo-referencing and DIP on the images and 
generation of 3-D images 
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• ENVI 3.5 software was used for DIP and creation of diflferent False Colour 
Composite (FCC) images 
• PCI software was used for generation of DEM of the total study area. 
• Arciirfo software was used to make topology for the digitized objects on the 
satellite image as well as on the scanned maps. 
• Arcview 3.2 software with great extensions such as Stability Index Mapping 
(SINMAP) were used for GIS analysis and to store datasets 
• R2V was used for digitization 
• The other softwares used include Microsoft Excel and Microsoft Word. 
1-4-Methodology 
Remotely sensed data of the study area were interpreted using image interpretation 
techniques and several field visits (before and after) were also carried out to analyze 
and extract accurate input data. Data collection (Table-1 -1) was one of the most time-
consuming and expensive matter.GIS tasks was most important tool to interpret 
structvire and tectonic of Zagros Structural Belt. Basically, two methods of data 
collection were carried out as follows: 
1 -Data capture 2-Data transfer. 
Our primary geographic data sources were captured specifically for use in GIS by 
direct and indirect measurement. Secondary sources from earlier studies were also 
calibrated to increase our accuracy. The study carried out to collect data are given in 
Table 1-1. 
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Image restoration and image enhancements have been done to remove errors and 
noise in data to increase interpretation ability of analyst. The satellite data for both 
the images used in the study area were geometrically rectified using ER-Mapper and 
ENVI software. 
Table 1-1- Classification of Geographic data for data collection purposes in the ZSB. 
Type 
Primary 
Raster Vector 
Digital remote sensing 
images 
GPS measurements and 
Survey measurements 
Secondary Scanned maps and 
Photographs, Digital 
Elevation Model (DEM) 
Topographic maps, 
Toponamy (place name) 
databases 
The Landsat ETM data of 9-Nov-2002 was registered vsdth 100 Ground Control Points 
using Global Positioning System and topography maps. Another Landsat TM image 
of 30-June-1991 was registered using image to image registration techniques. 
Generally, different FCC images were developed in each step of the research work. 
The DEM of the study area (fig 3-1) was generated using digital topography maps of 
the standard DGN formats of ISO. These formats were converted to text (txt) format 
using Microstation J software and then introduced to difierent remote sensing and GIS 
software to create DEM. Data were edited and made for GIS environment for 
analysis. This is termed as GIS ready. Basically DEM was made in different software 
to use the technical advantages of each softwares. For example DEM was made in 
Rivertools software to analyze topographic profile and river profile for tectonic 
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geomorphology. DEM was also made to create 3-D image of the study area (Fiu 4-3 
and Fig 4-4) using ENVI software. 
However, in this study different methodology was used for interpretation of structure 
and tectonics of the study area. So the methodology has been described separately in 
each chapter. For example in geological prospective the methodology was basically 
on im^e and geological map calibration, field visits (before and after), to extract 
different litho-tectonic and lithological formations of the study area. Tectonic 
geomorphological studies were made on the basis of DEM, caUbrated to satellite 
images and field checks. Structural analysis was also carried out using image element 
techniques by on screen digitization. Finally importance of the GIS was proved, by 
representing the modem analysis and method for the interpretation of the structure 
and tectonics of Zagros Structural Belt. So for this reason different types of spatial 
analysis were carried out to study structures and tectonics of the Zagros Structural 
Belt. These are as follows:!) queries, 2) measurement, 3) transformations and 4) 
descriptive. 
In the present work the following steps (Fig 1-6) have been processed for the data 
analysis of Zagros Structural Belt in GIS environment. 
t 
Evaluation 
t 
^ 
w 
Editifi.e ^ 
^ 
Pianr.in g ^ t 
Preparation 
t 
Digi t iz ing 
Fig. 1-6) Procedure for a GIS in the present study 
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1-4-1- GIS Coverage 
To achieve a fully comprehensive tectonic and structural analysis (Table 1-2) of the 
Zagros Belt, data "coverage" or "layers" within a GIS have been constructed (1 iume-
i-7). 
The coverage may be generated from various provenances. Some have been digitized 
through the datasets and others are results of interpretations. During the construction 
of the coverage, strict control on uncertainty and errors ensures the highest accuracy 
both within and among the datasets. This means that care should be taken during 
creation of map projection parameters, digitization and cross-checking. 
Presently the Universal Transverse Mercator (UTM) projection has been used for all 
the work. Storing data within a GIS has tremendous advantages in comparison with 
hard-copy records or independent computer databases. Once all the data are entered, 
data access becomes much faster. 
taleileinage ~ 
- . _ Topogcaplv /OEM" - - i _ 
' ' - - -Lineaments 
- - ^^._ ttebHt^ultiMslion " - . , 
Foldt' - - - - _ • 
^ Faults" " - - - -
~" Drainages _• 
• RlverBasin - ._ •• •. 
Fig. 1-7) Theme codes in the digital data can be used to separate into thematic layers 
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Table 1-2- All coverage currently included, for GIS platform 
NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
Coverage 
Type 
Imagery 
Topograph 
ymap 
DEM 
Drwiages 
Faults 
Folds 
Thrust 
Faults 
Lineaments 
River 
Basin 
Stability 
Zone 
Saturation 
Zone 
Slopes 
Geology 
r \ 
-
Source/referenc 
e 
IRSC 
ISO 
Prepared with 
the help of 
Softwares 
Drawn vwth the 
help of 
Softwares 
Identified in 
Image 
Identified in 
Image 
Identified in 
Image 
Interpreted 
fi'omLnage 
Drawn & 
Calculated 
Identified fi-om 
Image 
Identified from 
Image 
Measured with 
the help of 
Softwares 
Satellite 
images. 
geological 
maps, 
topography 
maps 
Original scale 
30 m ground 
resolutionl66/0 
37 
1:25000 
1:25000 
1:25000 
1:25000 
1:25000 
1:25000 
1:25000 
1:25000 
1:25000 
1:25000 
1:25000 
1:100000, 
1:250000, 
1:25000 
Quality 
extent 
ZSB 
ZSB 
ZSB 
ZSB 
Dez river 
basin 
ZSB 
ZSB 
ZSB 
ZSB 
ZSB 
Dez river 
basin 
Shahbazan 
Area only 
Shahbazan 
Area only 
Shahbazan 
Area only 
ZSB 
Feature 
type 
Image 
Text 
format 
Grid 
line 
line 
line 
line 
line 
Polygon 
Grid 
Grid 
Grid 
Polygon 
Special note 
7 spectral bands 
The DGN formats 
data converted to 
text. 
Resolution pixel is 
30 meters 
Dendritic, Sub-
dendritic, Trellis 
Strike, Normal, 
reverse fault seen. 
Anticline, 
Syncline, Open, 
Close folds seen 
Four thrusts fault 
seen like MZT 
Manyothffl-
lineaments could be 
drawn ^ 
8109.68017578 
Sq.Km-for Dez 
River basin 
Landslides and rock 
falls 
Wetness and 
moisture zones 
Slope directions 
Geological,Geomorp 
holo^cal & 
Structural map was 
prepared 
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1-5-Programme Of Study 
In the present study mainly focus has been given in parts of the Zagros Structural Belt 
southwestern of Iran for detail study of geology, structure and tectonic 
geomorphology with the help of remote sensing and GIS techniques. 
Using Landsat-5 TM-1991 (i ly i-l) and Landsat -7 ETM - 2002 (! i- ) satellite 
images of different bands FCC and GIS techniques with existing geological 
information, the interpretation of the structural and tectonic geomorphology of the 
Zagros Mountains has become more reliable. 
An approach under the thesis involves interpretation of tectonics and structure using 
remote sensing data merge with existing interpreted field data sets. Digitization, 
interpretations, integrations, analysis, and map preparation are all performed within a 
remote sensing and GIS platform. The GIS also used to create a database for the 
Zagros Structural Belt. 
The study is carried out to map the lithostratigraphy of the Zagros Structural Belt. 
This has been done using remote sensing and GIS techniques to generate the digital 
geological map of the study area. The capability and advantages of the GIS is utilized 
to calculate the percentage of each lithological unit in the study area. 
In the present study critical portion has been identified for evaluation of natural 
hazards (landslides, rock fells). For this purpose the satellite data was interpreted and 
verified with field checks and introduced in GIS environment to analyze the data 
input. 
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The study of the geomorphic elements in the Zagros Structural Belt was planned for 
understandii^ the tectonic geomorphological control in the structural evolution. The 
geomorphic elements are recognized from space data using DEM within the GIS 
environment. The tectonic geomorphology of the Zagros Structural Belt has 
interpreted in different aspects. For this purpose GIS software like Rivertools 2.4 are 
used to create DEM of the study area. The profile of Dez river has extracted in GIS 
environment to analyze the stream-gradient indices and various geomorphological 
parameters that finally direct for a good tectonic interpretation in the study area. The 
Dez river, which is one of the main rivers, crosses the Zagros mountains from NW-SE 
direction. The extracted cross-sections of topographic profiles of the study area in 
different regions were also used to calculate the net erosion rates. 
To study the structural behaviour of the Zagros Structural Belt, the digital image 
processing was carried out. The image interpretational techniques was given as key to 
identify the structural features. Digital mapping of the structural features are defined 
as coverage in GIS to identify the density of lineaments on the image and fiirther used 
to interpret the tectonic activity in the study area. The GIS techniques were applied to 
construct the topological relationship between the structural features. 3-D model of 
the study area is created using remote sensing and GIS software. 
The Conglomerate of Bakhtiary formation of the Zagros Structural Belt in the 
southern part of the study area is selected for the Strain analysis. The strain analyses 
were carried out using different methods to evaluate the strain magnitude, maximum 
elongation (i.e. long axis) and deformation of the pebbles. 
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Broadly the purposes of this study are (1) to studv the tectonic and structural 
behaviour of the Zagros Structural Belt applying new and modern technologies (2) to 
show the applicability of the remote sensing data in structural behaviour and tectonic 
study in the Zagros Structural Belt (3) to prepare various map based on the remote 
sensing data and CIS technology. (4) creation of database and easy assessment for 
data, (5) interpretation of Zagros Structural Belt in respect to structure, tectonic 
configuration and setting, and (6) strain analysis of conglomerate of Bakhtiar\ 
formation to evaluate the finite strain 
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Geology 
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2-1-General Statement 
The Zagros Mountains are parts of Alpine-Himalayan orogenic system. The Zagros 
Structural Belt is one the best exposed fold-thrust belts from geological point of view. 
Geology of the Zagros Structural Beh was studied by Stocklin {1968). Falcon (1969) 
has divided the orogen into three structural zones, such as 1-An inner crystalline Zone 
of overthrusting, 2-An Imbricated Belt, and 3-Zone of Folding often referred to as the 
Simply Folded Belt. 
Later the geology of the Zagros Structural Belt was studied by many other workers 
such as Berberian (1976), Colman-Sadd (1978), Darvishzadeh (1992), Rangzan 
(1993), Ali et al (2003) They divided the Zagros Structural Belt into four units which 
are as follows: 
• Sanandaj-Siijan Zone 
• Imbricate Zone 
• Zagros Fold Belt 
• Molasse Cover Sequence, which are characterized by distinct geological and 
geophysical signatures. 
Generalized stratigraphic (Fig 2-1) column for the Zagros Structural Belt (Cretaceous 
to Miocene) is grouped into four units according to their relative resistance to erosion 
as has been pointed out by Colman-Sadd (1978). 
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:Paleozoic 
PrecambnAn 
Fig.2-1) Generalized Stratigraphic Units for Zagros Structural Belt. 
(Colman-Sadd,1978) 
Stratigraphically the area consists of sediments from Precambrian to Cenozoic. 
Stratigraphic and geomorphic evidences indicate that deformation has propagated 
from northeast to southwest through time (Oberlander et al, 1965) and continues till 
present day. The exact timing of the onset of the most recent period of deformation, 
which apparently extends throughout much of Iran, is not well established. 
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Berberian and King (1981) estimated that deformation began about 5 Ma, which 
coincides with the start of a second phase of extension along the Red sea and Gulf of 
Aden. The imier portion of the orogen has been subjected to intermittent deformation 
extending at least as far back as the Late Paleozoic (Berberian et al I'^ ^Sl). By 
contrast, the modem fold and thrust was a relatively quiescent region of sediment 
accumulation until the latest episode of shortening and uplift began in the late 
Miocene or Early Pliocene (James, et al ! 965). 
Further, the Zagros Structural Belt has been sub-grouped into four lithotectonic 
divisions in the study area, which comprises (Table- 2-i) Sanandaj-Sirjan Zone, 
Imbricate Zone, Zagros Fold Belt and Molasse Cover Sequence. 
An attetiqjt has been made to establish the lithostratigraphy of the study area using 
satellite data and existing geological map applying remote sensing and GIS 
techniques. 
The geological map was digitized over satellite image. The digital geological map 
(Fig 2-3) was calibrated to Landsat image and then extracted in GIS environment. The 
3-D Landsat ETM image (FCC) reveals that the study area has different lithotectonic 
divisions (Fig 2-5). 
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Table 2-1) Litho-tectonic division of the ZSB 
Geological Time 
O 
Pleistocene 
Pliocene 
Miocene 
Oligocene 
Eocene 
Palaeocene 
MCS 
Bk.Fm.,RecentAlluv. 
Ag.Fm. 
ZFB 
Bakhtiary Fm. 
Aghajari Fm. 
Gachsaran Fm. 
Asmari Fm. 
Papdeh Fm. 
Shahbazan Fm. 
KashkanFm. 
Tale Zang Fm. 
Aminui Fm. 
IZ 
Bakhtiary Fm. 
Marl, 
Limestone,and 
NodularLimestone 
Asmari Fm. 
ssz 
Unconformity 
Sandstone.sandy 
Shahbazan Fm. Alveonia 
Limestone 
KashkanFm. 
Amiran Fm.,&Limestone 
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M 
E 
S 
0 
Z 
O 
I 
C 
P 
A 
L 
E 
O 
Z 
O 
I 
Upper 
Cretaceous 
Lower 
Jurassic 
Triassic 
Permian 
Devonian 
Silurian 
Ordovician 
Cambrian 
C 
Pre-Cambrian 
r 
1 (^  
f 
< 
V 
Gurpi Fm. 
Bangestan Gr. 
Ham Fm. 
Sugah Fm. 
Sarvali Fm. 
Kazdumi Fm. 
Garau Fm. 
Khami Group 
Daryain Fm. 
Gadvan Fm. 
Fahlian Fm. 
Hith Fm. 
Surmeh Fm. 
Arabian Basement 
Gurpi Fm 
L.St., Radiolite, Spiilite 
1 Dark grey to grey Limestone inari 
; Limestone 
i Jurassic-Cretaceous undivided 
: Surmeh Fm. Limestone 
i With Limestone&volcanic 
i Shale, Limestone 
i laterite Volcanic 
Khanekat upper dolomite M. 
Fm. Middle dolomite 
Dolomite, shaly dolomite 
Grey dolomite 
Dalan Fm. 
Unconformity 
Mila Fm. 
Arabian Basement 
Intusive, granite. 
Granodiorite.quartzile 
Metamorphic.shcist, 
hombfels, marble 
Sandy tuffs, slate,mables 
Metavolcanic, marble. 
slate 
Marble 
, 
Arabian Basement 
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2-2-Geological Setting 
2-2-1- Molasse Cover Sequence 
It forms the youngest geomorphic unit, structurally occurring as thrust sheet over the 
Zagros Folded Belt. Lithologically it comprises elastics of Aghajari and conglomerate 
of Bakhtiary formations of Mio-Pliocene age. The Molasse Cover sequence comprises 
cuesta topography and fans. Clastics are hard and resistant in nature. This gives rise to 
synclinal hills and cuesta flanks, which at places rise up to 100-500 meters above the 
valley floor. The Karkheh and Dez are two main rivers, which drain the area from 
north to south. The Dez river has morphotectonic expression of the neo-tectonism in 
the study area. 
2-2-2- Zagros Fold Belt 
The Zagros Fold Belt consists of difierent lithological units (Fiu 2-2) ranging in age 
from Cretaceous to Sub-recent and Recent (1 able 2- i). The present study area is 
mostly dominated by Cretaceous calcareous rocks, dolomite, limestone, shale, silt and 
loamy shale, red and gray marls in northern part and the southern part exhibits 
conglomerates, evaporiate rock units such as gypsum and anhydrite and Recent 
alluvium. The Recent alluvium has covered about 7.23 % perimeter of the study area. 
(Fig 2-3). 
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Fig.2-2) DiflFerent lithology of the ZSB, Khurramabad, SW Iran 
Kn= Kashakan Formation 
As=Asmari Formation 
Tz=Tale-Zang Formation 
Sb=Shahbazan Formation 
Am^Amiran Formation 
The geological map of the Zagros Structural Belt southwest Iran was modified and 
digitally prepared in GIS format in present study (Fig 2-3). 
C«ologlcaJ Map Of Th«ZSB. Ottzfut-Khurramabad. SW-lran 
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Fig.2-3) Geological map of the ZSB, SW Iran 
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2-2-3- Imbricate Zone 
The Imbricate Zone, as a morphotectonic unit, has been separated from the Sanandaj-
Sirjan Zone in the northeast on the basis of relief variation and from Zi^ros Fold Belt 
in the southwest on the basis of the penetrative NW-SE structural grain of the Zagros 
Fold Belt with which the geomorphic elements of the Imbricate Zone exhibit 
structural discordance. Hogbacks, cuestas, structural hills and structural valleys are 
developed in the Imbricate Zone. 
The Imbricate Zone coi^ists of different lithounits from Pleistocene to Cambrian. It 
comprises conglomerate of Bakhtiary Formation and marls, sandstone, limestone, 
radiolite, spilite, dark to medium grey limestone and marls, white limestone, 
volcanics, shale, laterite-volcanic and dolomite. The volcanics covered (0.24%) about 
40588.360 meters (perimeter) of the study area. The calculation of the lithological 
percentages within the GIS environment suggested that about 42046.661 meters 
periiiKter that is (0.25%) of the area is covered by radiolite and spilite. 
2-2-4- Sanandaj-Sirjan Zone 
Geologically the Sanandaj-Sirjan Zone is older than Zagros Structural Belt. The 
Sanandaj-Sirjan Zone is the metamorphic and meta-igneous core of the Zs^os orogen 
of southwestern Iran. The Sanandaj-Sirjan Zone appears to have been formed during 
the Neo-Tethys due to collision af Arabian and Iranian plates in Late Cretaceous. 
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Berberian ( 1976 ) suggested that Sanandaj Siijan Zone was uplifted and separated 
from Imbricate Zone and Zagros Fold Belt (1 ig 2-4 ) due to the collision between 
Arabian and Iranian plates. In this study a sharp contact between these two zones (i.e. 
ZSB & SSZ) has been reported from Chalanchoolan station in Lorestan province, 25 
km south west of Brojerd. 
The Sanandaj Sirjan Zone is dominated by different lithology such as schist, marble, 
quartzite where the metamorphism is high. The igneous bodies such as granite, 
granodiorite are commonly intruded within the metamorphic rocks. About 
107575.748 meters perimeter which is 0.64% of the study area is covered by 
metamorphic rocks of Jurassic period. Granite, granodiorite, quartzite and diorite of 
the Jurassic- Triassic periods developed (0.417%) about 69582.822 meters (perimeter) 
of the study area. A sharp contact in the area (i.e.Chalanchoolan station) between 
highly metamorphic rock formation and of Cretaceous calcareous formation which 
covering 0.32% about (54253.279 meters, perimeter) of the area show the break in 
sequence of the geological formations in different time scale. 
The Main Zagros Thrust lies at the contact of Sanadaj-Sirjan Zone with the 
Imbricate Zone in the Chalanchoolan area. It is observed that the break in sequence 
of the formations in the area is caused due to tectonic activities, high erosion, 
geomorphic processes and uplifting in Triassic and Late Cretaceous periods. The 
Zagros Structviral Belt is not only affected by tectonic activities but also by 
geomorphic processes, which shows the changes in topography. 
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Fig. 2-4) Showing the SananAij-Sirjan Zone trend of the Chalanchoolan plain, the 
limitation of Imbricate Zone and Sanandaj-Sirjan Zone. 
2-3- Digital Geological Mapping 
Preparation of the digital geological map (Fig 2-3) of the study area is parts of the 
spatial analysis in GIS. Remote sensing and GIS techniques were used in order to 
analyze the lithostratigraphy of the study area. Georeferencing of the image was 
carried out in ER-Mapper software on the base of the digital topography map. About 
100 ground control points were introduced in the software to register the Landsat 
image. Digital image processing was carried out using 2% linear enhancement and 
sharpen filtering within the environmental visualization image (ENVI) version 3.6 
software. 
Interpretation of the digital Landsat imagery for the lithostratigraphy was carried out 
using image interpretation elements such as tone, texture, erosion and drainage 
patterns. In order to identify various lithotypes, the following methods were applied: 
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Level-1) 
Identification of rocks in terms of igneous, sedimentary and metamorphic. In this 
level the banded tone on the Landsat image was used as a key to identify sedimentary 
rocks. Bedding recognized on the image was also marked for sedimentary rocks. 
Igneous rocks were identified on the basis of tone and absence of bedding plane, 
whereas metamorphic rocks were demarcated observing tone and presence of foliation 
plane. 
Level-2) 
The identification keys for level-2 are comprised of resistance to erosion, drainage, 
tone and vegetation. In this level mechanically and chemically formed sedimentary 
rocks were identified on the basis of resistance to erosion, drainage density and type 
of the drainage pattern. 
Level-3) 
A GPS was used in this level during ground truth checking for about 50 locations in 
the study area to identify various lithological contacts. 
Landsat data were calibrated by field data and then combined with geological map 
derived to prepare a digital geological map of the area in GIS environment, which 
provides an easy assessment of information. Lithological units were digitally 
processed within the ENVI software to generate geological map of the area. The 
digital lithological units were introduced to Arclnfo software to produce topological 
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relationships. Further, the topological data were converted to the shape file format and 
introduced to Arcview software to create a geological map. 
Finally, queries like " What is the length of Main Zagros Thrust?" " What is the 
lithology of the area? "etc, can be assessed within the GIS environment in a few 
seconds. This type of analysis would be much preferable than traditional research. 
2-4- Stratigraphy 
The generalized stratigraphical sequence (Colmaii-sadd, 1978) of the Zagros 
Structural Beh of southwest Iran (Fig 2-1) reveal that the regional stratigraphy can be 
divided into four physiographically effective units (excluding post-Miocene 
synorogenic sediments). From younger to oldest, these are: (1) Erodible evaporates, 
shales and marls of Miocene Gachsaran Formation; (2) Highly resistant Oligocene 
Asmari limestone, which forms hogback around cored fold; (3) A series of erodible 
late Cretaceous through Eocene flysch deposits and (4) A thick sequence of resistant 
Mesozoic carbonates. 
The area was digitally analyzed within the GIS environment and each lithological unit 
covered the area was calculated in percentage. The GIS analysis suggest that the sum 
of lithological perimeter is about 16656505.233 meters in which about 4.14 % is 
undifferentiated rocks and 1.33 % covered by Khami Group of Lower Cretaceous to 
Upper Jurassic rocks. 
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Fig. 2-5) 3D, FCC 4-3-2, dated 2002 shows the Zagros Mountains in the study area, 
SW Iran. Approximate Scale 1: 440,000 
2-4-1- Tertiary Sequence 
The Tertiary sequence of southwest Iran represents a more or less continuous record 
of Palaeocene, Eocene, Oligocene, Miocene and Pliocene sediments. Economically 
these sediments are most important depository of oil in petroliferous basin in the 
Zagros Structural Belt. 
2-4-2- Neogene Sequence 
The Neogene sequence of Miocene age and Pliocene age is represented by 
Gachsaran, Aghajari and Bakhtiary Formations in the Zagros Structural Belt. Towards 
the end of Oligocene the tectonic setting of the Zagros Structural Belt underwent a 
change from carbonate sedimentation to evaporate environment in which the 
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carbonate and marls co-existed with alternating anhydrite and salt beds from 
Gachsam Formation of Miocene age. 
Sandstone, siltstone and red marls in the Aghajari Formation suggest lacustrine and 
estuarine environment (James and Wynd 1965, Berberian 1976). 
Coarse elastics of Bakhtiary Formation comprises sandstone, grit and conglomerate 
deposited in front of rising mountains in successor basins in the Zagros Structural 
Beh. 
2-4-2-1-Bakhtiary (Bakhtiyari) Formation 
Bakhtiary Formation covers about 1.72% of total area is mainly formed around 
Dezfiil city. The name of this formation is taken from Bakhtiary Group. The 
conglomerates being hard and resistant form prominent ridges overlooking the 
undulatory plains in southwest of Iran. The age of this formation is reported to be 
upper Paleocene. No fossil assemblages have been recorded from the rocks of 
Bakhtiary Formation. 
The lithology of this formation mainly consists of medium to coarse grained 
conglomerate, coarse-grained grit and sandstone. It has graded into cobbles and 
boulders of Oligocene age. The clastogenic assemblage of conglomerates and 
sandstones resting with an unconformity over the Aghajari sediments have been 
included under the Bakhtiary Formation (Pilgrim 1908; James&W\nd, 1965; 
Stockline & Steusetudehnia, 1977). 
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2-4-2-2 -Aghajari Formation 
The major tectonic event is the tectonic evolution of the Zagros Structural Belt during 
Miocene resulted in the regression of the sea and the formation of lacustrine and 
estuarine environment (James and V\'ynd 1965, berberian 1976). The elastics were 
brought from uplands in the northeast to depositional basin of the Aghajari Formation. 
The transitional graduated layers of southern Khuzestan and Lorestan which are 
called "Graduate Transitional Sediment"(GTS) are considered as Aghajari Formation 
(Jalali 1986). 
Lahbari section of Aghajari Formation consists same type of sediments that normally 
found in lower Bakhtiary Formation. The thickness of Aghajari Formation ranges in 
between 2000-10000 feet (Jalali 1986). 
The lithology of Aghajari Formation mainly includes brown and grey layers of 
resistant calcareous, sandstone with gypsum in low concentration, marls and 
siltstones. About 816987.177 meters of perimeter of the study area is covered by 
Aghajari Formation (4.90%). The marl beds are of few centimeters to about a meter 
thick. It exhibits the layers of soft gypsum in abundance. The sandstone exhibits 
trough type cross-bedding. Aghajari Formation is gradually intercalated in Mishan 
Formation and overlained by Bakhtiary Formation. The sandstone shows graded 
bedding at places. 
The Aghajari Formation normally consists of microfossils such as Ostracods, 
Charophytes, Elphidiun haurinum, Rotaloa beccarii, R.beccarii var, Dentatus, 
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R.Stachi, R.Takanabensis, Nonion Incisum and Ostracods Trascyleberis 
Exanathemata, Cytheridea Sp.and Bairdiocypsis Sp. (Jalali 1986). Megafossils such 
as Crassostrea Gryphoides Var Cuneata have been reported by (Jalali 1986). The age 
of Aghajari Formation is reported from Miocene to Pliocene. 
2-4-2-3-Gachsaran Formation 
The Gachsaran Formation forms a cap rock over the petroliferous rocks of Asmari 
Formation (i i- 2-o). It covers about 17.77% of the study area. In Khuzestan province 
the boundary between Gachsaran - Asmari Formation is clearly discernible. In the 
Zagros Structural Belt the Asmari formation is followed by Gachsaran Formation, 
whereas in the Imbricate Zone the Gachsaran Formation is absent. Watsone in 1960 
and later .lames and Wund in 1965 divided this formation into seven members as 
follows: 
Fig.2-6) Shows Gachsaran Formation with light blue in color in Landsat imagery 
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It consists of thin layers of calcareous and bituminous shale. The thickness 
of anhydrite varies in the area whereas its minimum thickness was recorded as 130 
feet(Jalali, 1986). 
This member was formed by anhydrite layers with different thickness of 
salty units within it. 
Anhydrite beds with subordinate salt in lower part followed by anhydrite, 
thin-bedded limestone with marl in upper parts. 
Different thickness of salty layers and numbers of marl beds are present 
within it with grey colour limestone and anhydrite. 
Marly anhydrite combined with limestone and red to grey colour marl. 
Anhydrite with red to grey color marl and alternating layers of salt and 
anhydrite are present in this member. 
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Alternating layers of anhydrite and marl are present. Here Mishan 
Formation is overlain by Gachsaran Formation. 
Gachsaran Formation in Khuzestan province is clearly dominated with fossils such as 
Ostracods, Bryozoa, RotaUds. The thin calcareous bed is also dominated with 
Miogypsina, and Charophta fossils. These fossils are also found in Gachsaran 
Formation of Lorestan province. The marls and calcareous rocks in Gachsaran 
Formation consists of the microfossils such as Taberina malabarica, Sphaergypsina 
sp, Peneroplis farsensis, Dendritina rangi, Miogypsina sp., Flosculinella sp., 
Neoalveoline (Borelis) melo, Elphidium sp., RotaUds, Bryzoa (Jalali, 1986). The age 
of Gachsaran Formation is reported as Lower Miocene. 
2-4-3- Palaeogene Sequence 
The Palaeogene sequence is developed in the Imbricate Zone and Zagros Fold Belt. 
The tectonic collision and mz^matism signatures recorded from Sanandaj Sirjan Zone 
depicted from the field data and possibly represents the Palaeogene history in the 
Brojerd complex. The rocks for Palaeogene in the Imbricate Zone and Zagros Fold 
Belt are Pabdeh and Asmari Formations, which are recorded in Palaeocene to 
Miocene age. 
The Palaeogene sediments in the shadow of the Iranian craton have been described as 
Amiran, Tal-e-Zang, Kashkan and Asmari formations. These formations are described 
as follows. 
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2-4-3-1- Asmari Formation 
The Asmari Formation is the most pervasive in the area and is developed in the 
Imbricate Zone and Zagros Fold Belt as chemogenic sequence of Oligocene limestone 
which acts as reservoir of major oil fields in south west Iran. It covers about 16.71% 
of the total study area. These rocks probably suggest same environment of deposition 
both in Imbricate Zone and Zagros Fold Belt. The Asmari rocks are widely developed 
and are seen in Shahneshln-kuh and Tang-e-Fani areas. The equivalent of Asmari 
Formation (I iu 2-7) are Euphrate limestones, Kalhur limestones and Khamir 
limestones. The lower Asmari in Khuzestan consists of calcareous and anhydrite 
which although belongs to Papdeh Formation but are generally considered as parts of 
Asmari Formation. The Asmari formation is divided as follows: 
• Asmari sandstone. 
• Kalhur anhydrite of Lorestan 
>,^ifc*i^.<?* y.'.'^r^.; 
Fi^;2-7) Field photograph showing anticlinal fold in Asmari-Gachsaran Formation, 
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2-4-3-1-1- fSamlstoiie Asmari Member 
The petroliferous regions of lower Asmari Formation composed of limestones and 
sandy limestones, which is also known as Ahwaz sandstone. This member is not 
reported from the study area. 
2-4-3-1-2- The Kalhur Member 
Asmari Formation also contain Anhydrite Kalhur or Gypsum Kalhur. The Kalhur 
member consists of marls and calcareous marls. About 1.55 % of the area is covered 
by marls and limestone. Kalhur member conformably lies over the marls of Papdeh 
Formation and limestone of Asmari Formation. 
2-4-3-2- Papdeh Formation 
Pabdeh Formations of Paleocene, Eocene and Oligocene ages were named as 
Globigerian marls or Dezak marls (Jalali 1987). The equivalents of these formations 
are Upper Eocene marls, the Eocene blue and purple shales. Middle Eocene 
limestones and Lower Eocene marls in their parts of the Iranian Peninsula. 
Pabdeh Formation is dominated by shales, calcareous and marly shales. Papdeh 
Formation conformable over lies the Gurpi Formation, whereas the upper part of it is 
transitional Asmari limestone. This formation shows magenta color around the 
Lorestan and Khuzestan provinces. This formation is seen in lower end of the 
Kabirkooh anticline. 
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Papdeh Formation in aU of its oil fields contains the planktonic fauna. In Khuzestan 
province, the magenta coloured sandstone contains fossils like Globorotalia 
Velascoensis and Globorotalia Pseudomenardii. These fossil whereas overlie 
standstone the Gurpi Formation. In Lorestan province however the Papdeh Formation 
does not contain any fossil. In all the regions of Papdeh Formation of Eocene age 
contains microfossils like Glta.palmera. The age of the Papdeh Formation in 
Khuzestan province is Palaeocene to Oligocene and in Lorestan province reported to 
Upper Palaeocene to Miocene (Jalali 1987). 
2-4-3-3- Shahbazan Formation 
Shahbazan Formation dominated by Barren limestone equivalent to Shahbazan 
Formation. At the Tang-e-2, which is about 5 Km of Tal-e-Zang station in north east 
of Andimeshk city, is covered by different layers of weathered dolomitic calcareous. 
Shabazan Formation has been seen in the northeast of the Lorestan province. 
Shahbazan Formation can be diflferentiated fi-om Asmari Formation by weathered 
sediment conglomerates within the layers and variation in lithology jfrom calcareous 
of Asmari Formation to dolomite of Shahbazan Formation. It is very difficult to 
differentiate these two formations in the field visit. Shahbazan formation covers about 
0.88% of the study area on the satellite image. 
In the south and southwest of the Lorestan province in the study area Shahbazan 
Formation is mixed with marls of Pabdeh Formation and towards the northeast of 
Lorestan, it is replaced by Kashkan Formation. The sharp contact between two 
formations of Kashkan and Shahbazan has been shown in figure 2-8. Kashkan 
fcrmation ^Jipwn egotists of red coloured marls with low resistance. 
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Fig. 2-8) Showing the contact between Shahbazan Formation with dolomite in white 
colour and Kashkan Formation with red colour marls. 
Shahbazan Formation contains fossils like Oblonga, Alvenolina and 
Num.cf.beaumonti (Jaiali, 1987) in calcareous dolomite. The age of this formation is 
Middle Eocene to Upper Miocene. 
2-4-3-4- Kashkan Formation 
Kashkan Formation consists of red slit, sand and conglomerates. About 2.05 % of 
total study area on the Landsat image is covered by Kashkan Formation. About 
13.68 % of the area is also covered by inseparable formations of Tale-Zang and 
Kashkan. The conglomerates are coarse grained. Towards southwest, the Kashkan 
Formation is faced by Pabdeh Formation whereas in the southeast it continues into 
Khuzestan province. In field visits it is observed that the thickness of the Kashkan 
Formation is reducing fi-om northeast to southwest. Jaiali (1987) has reported that the 
age of Shahbazan Formation is from Palaeocene to Eocene 
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2-4-3-5- Tale-Zang Formation 
At Tang-e- 2, which is about 5 km of southwest of Tale-Zang station, the grey 
coloured calcareous rocks are observed. Here, Amiran Formation is overlain by Tale-
Zang Formation, whereas the Kashkan red sandstone and conglomerates are 
underlained by Tale-Zang formation. 
Tale-Zang Formation mainly is seen in the northeast of Lorestan province. The 
thickness of Tale-Zang Formation varies because of gradual mixing of Amiran and 
Kashkan Formations. The age of Tale-Zang is reported to be Palaeocene-Middel 
Eocene. 
2-4-3-6- Amiran Formation 
The Amiran Formation is followed by Tale-Zang Formation, which comprises grey to 
brownish limestone and flysch (mixture of sedimentary rocks like sandstone, marls 
and mud) (Fig. 2-9). It also comprises weathered sandstone (Fig 2-9) of olive to 
brown in color with cherty conglomerates (Fig 2-9) and calcareous rocks. The 
limestones are well bedded and massive in appearance. It has covered a perimeter of 
about 198609.923 meters (1.192 %). The Amiran Formation with aUuvial has been 
queried in GIS environment. It covers about 7.53 % of alluvial exist in the area. At 
Ma-amulan village the Amiran Formation is encountered where the Kashkan river is 
passing. The contact between Amiran Formation and Gurpi Formation with grey 
marls is gradational. The thickness of Amiran Formation increases from southwest to 
northeast. Amiran Formation contains fossils like Omphalocyclus SP (Jalali 1987). In 
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central Lorestan, the Amiran Formation is reported to be from Eocene to Palaeocene 
mage. 
3 
Fig.2-9) Amiran Formation at the top with red chert, conglomerate and sandstone at 
the bottom of the picture. 
2-4-4- Upper Cretaceous 
The upper Cretaceous rocks in the Zagros Structural Belt, are represented by 
Bangestan Group and Gurpi Formations. The Bangestan Group exhibits most 
extensive development of the Upper Cretaceous rocks in the study area. It covers 
about 10.76% of the total study area on the geological map derived from Landsat 
image. The Bangestan Group represents a sequence of limestone with intercalation of 
argillites, characterized by fossils assemblage of Albian Companian age (James and 
Wynd, 1965). Bangestan Group is separated into Sarvak and Ham formations in the 
Study area. 
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2-4-4-1- Gurpi Formation 
The previous name of Gmpi Formation was Dezak marls. Gurpi Formation is 
dominated by grey marls, calcareous marls and dark grey to grey limestone (I ig 2-
10).Gurpi formation is overlained by Ham Formation which indicated by the 
weathered sediment deposits. In Khuzestan and Lorestan provinces weathered 
calcareous rocks, white in colour which is called as Emam Hasan section (Jalali 
1987). Gurpi Formation covers a perimeter of about 780772.282 meters (4.68 %) of 
the geological map of the study area which is digitally drawn and obtained in GIS 
environment. 
In all of the oil regions of the study area there have been lots of fossils like Glt.sigali 
and Glt.elevata (Jalali 1987). The age is Palaeocene to Upper Cretaceous. 
Fig.2-10) The field photograph showing dark grey limestone in Gurpi Formation. 
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2-4-4-2- Sarvak Fonnation 
The limestone sequence in the study area of the Sarvak Fonnation is grey in colour. It 
is fine grained and thinly bedded. The limestone overlies Ham Formation. Ham and 
Sarvak Formations cover about 1.26 % of the total study area. The fossil assemblages 
of the Sarvak Formation are Orbitolina Cancave Lamarck, Somiosphera Conoidea, 
Bonet and Stomiosphera Sphaerica, which indicate netritic and pelagic environment 
during Albian to Turonian periods (James and \V\ nd, 1 ^ )65). 
2-4-4-3- Ham Fonnation 
The Ham Fonnation consists of well-bedded grey to light grey, fine-grained 
argillaceous limestone in the study area. It is overlying the Sarvak Formation. The 
rocks of Ham Formation are exposed in the eroded cores of anticlines in the area 
around Kuh Sultan and Kabir Kuh. The base of Ham Formation is not well exposed 
in the study area. The rocks of Ham Fonnation in the satellite ETM 3-D image (Fig 2-
5) (FCC) exhibit greenish-brownish hue, fine to medium texture, fine to medium sub-
dendritic drainage pattern and high relief The Lorestan province contains fossils like 
Globotruncana Concavata, whereas in Khuzestan province the fossils are 
Ammobaculites SP. and G. elevata. 
2-4-4-4- Kazhdumi Fonnation 
The shaley layers of the Kazhdumi (Cretaceous) and Pabdeh/Gurpi (Late 
Cretaceous/Early Tertiary) as well as Gachsaran (Late Miocene) and evaporitic layers 
could locally be seen. These formations act as secondary decollement in the study 
area. 
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2-4-5- Cretaceous Sequence 
The Cretaceous period has been most significant in the geotectonic evolution of the 
Zagros Structural Belt. The Cretaceous rocks represent three different geotectonic 
environments in the Sanandaj-Sirjan Zone, Imbricate Zone and Zagros Fold Belt. The 
sedimentary sequence is mostly developed in the Zagros Fold Belt which could be 
separated into separated into Lower and Upper Cretaceous. The ophiolite sequence 
mostly developed in Imbricate Zone and comprising red grey and greenish chert, red 
and green shales and basic and ultra basic igneous rocks. In the Sanandaj-Sirjan Zone 
the granite-granodiorite, quartz diorite and their associated volcanic phases represent 
the beginning of collision tectonics in the Zagros. 
2-4-6-Jurassic Sequence 
The Jurassic sequence comprises igneous-metamorphic rocks which are foimd in the 
Sanandaj-Sirjan-Zone. The sedimentation in Jurassic rocks of Sanandaj-Sirjan Zone, 
Imbricate Zone and Zagros Fold Belt are well developed. The Jurassic sediments in 
these three lithotectonic units exhibit variable lithology and sedimentation history. 
2-4-7- Triassic Sequence 
The carbonate sequence and the associated sediments (shale and sandstone) are 
developed in the Zagros Structural Belt. In the Sanandaj-Sirjan Zone the Triassic 
sequence includes marble intercalated with slates and metavolcanics. The Triassic 
rocks in the Sanandaj-Sirjan Zone comprises limestone, light colored calcitic marble. 
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quartzite which have been folded with associated metadiabase, serpentinite, tuflStes 
and calcareous sandstone. 
2-4-8- Permian Sequence 
In north west of the Imbricate Zone in the Zagros Structural Belt inliers of Permian 
rocks have been recorded between Chenarestan and southeast of Kolider below the 
Triassic sequence. The Permian rocks of the Chenarestan area may be delineated into 
two lithostratigraphic units namely the lower limestone and the upper dolomite 
sequence. In the Sanandaj-Sirjan Zone the Permian rocks have been recorded from 
east of Kafshgiran and southeast of Amirabad townships. Marble out crops are found 
at some place in this area. In the Zagros Fold Belt this sequence is absent. 
2-4-9-Canibrian Sequence 
The sequence of the sandstone and shale with interstratified beds of dolomite and 
limestone resting over the Infra-Cambrian rocks of Hormoz series have been 
assaigned as Cambrian rocks. This sequence is absent in both the Zagros Fold Belt 
and Molasse Cover Sequence. 
2-4-10- Palaeozoic Sequence 
The Palaeozoic sequence in the Zagros Structural Belt which has been reported from 
Imbricate Zone only referred as Cambrian and Permo-Carboniferous. I the study area 
Ordovician, Silurian and Devonian have been periods of break in the geology of the 
Zagros Structural Belt. 
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2-5-Discussions 
Geologically the study area is divided into four lithostratigraphic units namely 
Sanandaj-Sirjan Zone, Imbricate Zone, Zagros Fold Belt and Molasse Cover 
Sequence. For lithological purposes the digital geological map (1 L: 2-^) has been 
prepared using remote sensing and GIS techniques. The GIS is used to answer simple 
questions derived under the research work, which may be posed by user. These 
operations vary from simple and well defined queries like, " What is the length of 
Main Zagros Thrust?", " What is the lithology? " etc, can be assessed within the GIS 
environment within a few second. This type of analysis would be much preferred than 
traditional research. The topological relationships could implement the percentage of 
each lithology in the study area. The perimeter and percentage of lithology can 
further be used for structural and tectonic evaluation in the Zagros Structural Belt. 
The sum of lithological perimeter is about 16656505.233 meters which contains about 
1204327.322 m (7.23%) of alluvium, 287232.523 m (1.72%) of Bahktiary Formation, 
816987.177 m (4.90%) of Aghajari Formation, 2960616.493 m (17.77%) of 
Gachsaran Formation, 2784345.118 m (16.71%) Asmari Formation, 1258969.672 m 
(7.53 %) Amiran Formation with Recent alluvium, 198609.923 m (1.19%) of Amiran 
Formation, 1793634.734 m (10.76%) of Bangestan Group, 780772.282 m (4.68%) of 
Gurpi Formation, 210221.981 m (1.26%) of Ilam and Sarvak Formations, 
2279652.526 m. (13.68%) of Kashkan with Tale-Zang Formations, 342586 m 
(2.05%) of Kashkan Formation, 221985.804 m (1.33%) of Khami Group, 147056.745 
m (0.88%) of Shahbazan Formation which consists of marls, anhydrite, gypsum, 
54253.279 m (0.32%) of Cretaceous calcareous, 42046.661 m (0.25%) of limestone 
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with radiolarite and spilite, 259674.394 m (1.55%) of marls and limestone, 92595.445 
m (0.55%) of marls and limestone with sandy limestone, 107575.748 m (0.64%) of 
metamorphic rocks of Jurassic age, 69582.822 m (0.41%) of granite and granodiorite 
with quartzite and diorite of Sanandaj-Sirjan Zone of Triassic-Jurassic age, 40588.360 
m (0.24%) of volcanics and 690559.4 m (4.1 %) of the study area consists of 
undifferentiated rocks. These types of analysis within the GIS environment with 
litholgical percentages can be useful for further study like environmental and 
engineering geology. 
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3-1- General Statement 
The study of the landslides and rock falls associated with faults and folds in the 
Zagros Fold Belt can give us more details to interpret the structural and tectonic 
behaviour. Many scientists have worked in different aspects of natural hazards like 
landslide, rockfall and erosion. They are such as Biswas (1987), Mazumder (1983), 
Mahajan and Virdi (2002), Virdi (2002) and All et al. (2003). 
The study of the environmental hazards of critical area in the Zagros Fold Belt has 
been attempted in order to solve one of the important problem which deals with 
hazard assessment. This critical area is studied implying GIS technology and using 
remotely sensed data with regular field visits. 
The south-western trans Iranaian railway line coimecting Tehran to Khoramshahr in 
the southwest crosses the great Zagros range. One of the localities on this line is the 
Shahbazan station. Shahbazan area is located in the Alwar section in parts of 
Asdimeshk city of the Zs^ros belt southwest of Iran. 
Complex geological-geomorphological activities have created an immature and 
rugged landscape which in turn imposes various natural hazards (landslide, erosion 
and flash flooding) to both people and the infra-strucutre. hi order to address these 
problems on a regional scale, DEM was used in conjunction with selected field visit 
during which various parameters related to lithology (dip, strike and rock types), 
structures (joints, fi^actures, faults and folds), soil types, landuse and landcover 
(Miliaresis 2000) were obsereved and measured. Topographic maps are useful as 
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source data and used for creation of DEMs. The methodology includes an intractive 
visual calibration that adjusts parameters while referring to the possibility of 
landslides. Based on field data, the DEM was calibrated to generate stability and 
saturation zone maps of the study area which may help in assessment of natural 
hazards like landslides and rockfalls. The analysis of drainage morphometry, relief 
and saturation maps reveals zones of the stability-unstability and saturation within the 
study area which are in harmony with landslide and rock fall zones. 
Modem geological studies are focused on the utilization of computer-based analysis, 
one of which is identification of stable and unstable zones in the Shahbazan area 
(Fig.3-1). 
The critical region fi-om the study area is situated in the Zagros Fold Belt of the south 
west of Iran (Fig-3-1) covering Latitude 32° - 45'- 00" - 32° - 52' - 30" N and 
Longitude 48°- 37'- 30"- 48°- 45'- 00" E and with respect to UTM coordinates is 
278000mE-3627000mN. The area can be reached by the Andimeshk-Tehran railway 
line fi-om Khuzestan province in the south west to Tehran. 
Fig.3-1) Landsat TM image (7-4-2) 
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3-2- DEM of Zagros Mountains 
In spatial analysis measurements of slope aspect (I iu --2) and DEM of the Zagros 
Structural Belt have been considered. The DEM of the Zagros Structural Belt was 
generated using different remote sensing and GIS software. One cannot be satisfied 
with necesserity one format because he may not be able to use this format in other 
remote sensing and GIS software for the required analysis and information. For 
example the DEM generated in RiverTools software is in River Tool Grid (RTG) 
format, which cannot be operated in the Arcview software. 
The DEM of the Zagros Structural Belt (liy 5-2) is most useful representation of 
terrain in GIS for fiirther spatial analysis. 
j4a,00 48.20 48.40 48,60 48,80 49.00 49.20 4^.40 . / 
48.20 48.40 48.60 48.80 49.00 •49.20 49.40 
Fig.3-2) Showing shaded aspect of the ZSB, SW-Iran. 
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This is the raster representation, in which each grid cell records the elevation of the 
earth's surface, and reflects a view of terrain as a field of elevation values. The spatial 
resolution used to further analysis should always be specified. So, the resolution of 30 
and 20 meters in pixel was given for the grids to generate DEM. The DEM are useful 
tool for rapid evaluation and mapping of Zagros beh with lesser time and good 
results. Besides, another application of DEM is to create 3D model. To calculate 
topographic slope in the Zagros Mountains is also a common GIS application. 
3-3- Morphometric Analysis 
Present study deals with the morphometric analysis and its relation to stability and 
saturation zones. The quantitative analysis within the GIS environment was carried 
out to obtain the morphometric parameters of the drainage basin. 
The overall drainage pattern of the basin is sub-dendritic indicating the heterogeneity 
of rocks and gradual slope towards the main stream. At places parallel to sub-parallel 
and dendritic type of network is seen (Fig.3-3). 
Morphometric measurements (Table 3-1 and Table 3-2) have been carried out 
independently within the GIS environment using the methods proposed by Horton 
(1945) and Strahler (1952). 
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Fig.3-3) Showing drainage network of the Shahbazan station, ZFB, SW-Iran. 
3-4- Methodology 
For this study, a portion of Landsat TM data Path 166/Row 037 was digitally 
processed and different geological data units were extracted. In order to extract these 
units, different ime^e processing algorithm were applied to all TM bands t9 create 
enhanced FCC bands of 4-3-2 using ER-Mapper 6.1 and ENVI 3.5,<&3flwares. 
Different digital image processing like linear 2%, edge enhancement, sh&rpen filtering 
were applied to recognize different geological and geomorphological data units. 
Based on different interpretational elements, rock imits mapped out using on screen 
digitizing facilities. 
In addition, the digital topography was used and text introduce to GIS software for 
creation of DEM (Fig.3-2). DEM is used to obtain the necessary input information 
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(slope and specific catchment area). The DEM parameters are allowed to be uncertain 
following uniform distributions between specified limits. These may be adjusted (and 
calibrated) for geographic calibration regions based upon soil, vegetation or geologic 
data. 
The GIS analysis obtained from the SINMAP (stability index mapping) of an Arcview 
extension is used for the environmental hazards studies. This SINMAP extension is 
implemented for the computation and mapping of the Shahbazan area (Zagros Fold 
Belt), slope stability index (Fig.3-5) based upon geogn^hic information and primary 
digital elevation data. SINMAP has its theoretical basis 
(www.engineering.usu.edu/dtarb) in the finite plane slope stability model with 
wetness obtained from topogn^hically based steady state model of hydrology. It 
utilizes Arcview for its standard GIS fimctions such as the input, organization and 
output results. SINMAP is grid based. Spatial interpolation is operated in GIS to 
analyze the stability and saturation zones of the Zagros Fold Belt. Spatial 
interpolation is the GIS version of intelligent guessworic (Longley et al. 2001). 
The DEMs are used to obtain the necessary input information (slope and specific 
catchment area) of the 2^ agros Fold Belt. On the basis of the DEM, SINMAP is used 
to extract different maps. 
SINMAP extension utility (extension utility of the Arcview software) was calibrated 
by introducing the required parameters such as soil cohesion factor, phi factor and 
relative wetness parameter (R/T, Where, T is soil transmission, R is density ratio) to 
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generate stability zone (Fig.3-5), saturation zone (Fig.3-6) and drainage basin (Fig.3-
3) maps. Simultaneously, the DEM was used in other GIS software called Rivertools 
2.4 which can analyze and obtain the drainage basin morphometry parameters (Table-
3-1. Table-3-2) to address analysts for the identification of unstable and saturated 
zones, rock types, slopes and geology of the study area (Table-3-3). 
LegemI 
I 1IBI.8 218ii.I 
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Fig.3-4) Original DEM of the Shahbazan station, Central Zagros Fold Belt, SW h ^ . 
The Shahbazan Station has been shown in Xobjview model at right side of the figure. 
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Fig.3-6) Saturation zone map of the Shahbazan area, ZFB SW Iran 
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3-5- Discussions 
In order to evaluate the natural hazards in the study area the combined utilization of 
satellite data and DEM reveals that the inaccessible and rugged topography could be 
studied in detail. This study shows that remote sensing and GIS analysis techniques 
could be used successfully to extract the stable, unstable, saturated zones and 
geological information from the Zagros Structural Belt, south west, Iran. 
The study indicates that the digitally processed remote sensing data calibrated to the 
GIS input data and its techniques using the SINMAP extension utility could confirm 
most of the early prepared hazard maps. The results of this type of study might be 
useful to help further detailed geomorphological, geological and environmental 
hazards studies. 
The present analysis and results were based on adjusting and calibrating the digital 
satellite data, using remote sensing techniques and DEM in GIS environment, field 
visits (before and after) and previous geological maps. 
This study shows that in the Zagros Fold Belt, instability is not only affected by 
tectonism but it is also enhanced by various other factors such as drainage systems, 
saturated soils and vegetations. As the maps created during this study indicated that 
the Zagros Fold Belt is broadly divided into four geologic-morphotectonic zones, 
which are described as follows: 
A) The southern area is characterized by the domination of Gachsaran Formation, 
which consists of gypsum, marl, shale and other erodible lithology. This area 
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forms badlands with highly dissected topography. From the stability point of 
view it is mostly stable to moderately stable (Fig 3-4) with saturated moisture 
zones concentrated along dendritic drainage patterns (lable-.i-1, Table-3-2). 
B) The second zone comprises an anticlinal structure of mainly Asmari limestone 
formation (NW-SE trend). It is having mostly a parallel to sub-parallel 
drainage system (! i>i 3-2). The drainage is controlled by fractures and fault 
system with a NE-SW direction. The obtained results from GIS analysis and 
field data of the study area show stable and unstable zones along the crest line 
and partially wet to low moisture zones (fig 3-5). The interesting feature in 
this zone is the cross cutting relationship of the Dez river as well as the 
railway line with the anticlinal structures within which the most dangerous 
active landslides and rock&lls are noticed. 
C) This zone forms an anticlinal valley created by intensive erosion of younger 
lithologies (Rangzan et al. 1998), which has carved out the older and easily 
erodible rock units. The present rock units are Gurpi, Amiran, Taleh-Zang, 
Kashkan and Asmari on the top with Quaternary alluviimi. The drainage basin 
geometry is elongated type with dendritic to sub-dendritic drainage patterns. 
Again the most saturated zones are along drainage lines, which correspond to 
upper threshold to quasi-stable areas. 
D) The north-eastern part of the area consists of Asmari formation with parallel to 
sub-parallel drainage patterns (Fig 3-2). This area shows stable to moderately 
stable zones (Fig 3-4) with saturated soils along the drainage lines (Fig 3-5). 
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Table 3-1- Data summery for Shahba2an river basin, Zagros Fold Belt SW Iran 
Poraiiieter 
1 
2 
3 
4 
5 
6 
1350 
287 
61 
13 
4 
1 
BasiiiRc'liefikni) 
0 
0 
3.90 
3.55 
1.031 
1.1260 
7.91 
1.0410 
1.035 
1.123 
1.2580 
1.260 
Basil). \rca (sc/kiin 
81 
3.24 
1.9080 
1.38690 
1.32849 
1.18498 
3.0780 
1.25820 
3.38220 
1.13211 
615441 
1.18498 
Drainagi' Dcusiiy 
1 1 kill! 
4.9751 
1.69446 
3.58237 
4.21946 
4.47214 
4.68708 
2.3570 
1.2110 
7.0627 
5.740 
4.93932 
4.68708 
Xciwork 
Diameter 
1 
2 
3 
4 
5 
6 
1 
11 
20 
13 
4 
1 
Table 3-2-Stream ratio estimation for the Shahbazan Station river basin 
Zagros Fold Belt SW Iran 
' \ ,i ' . • ; ' • 
Stream Numbers 
Drainage Area 
Straight-line length 
Along-channel length 
Elevation drop 
Straight-line slope 
Along-channel slq)e 
Total length 
Main channel length 
Relief 
Network diameters 
Sinuosity 
Drainage density 
Source density 
Links per stream 
4.70 
4.56 
1.85 
2.01 
1.15 
1.59 
1.72 
4.46 
2.39 
1.87 
2.61 
1.06 
1.04 
1.23 
2.19 
0.672 
0.659 
0.268 
0.303 
0.060 
0.202 
0.235 
0.649 
0.378 
0.271 
0.417 
0.027 
0.016 
0.091 
0.341 
1.000000 
1.000000 
0.9974 
0.9992 
0.7805 
0.9771 
0.9821 
0.9999 
0.9982 
0.9945 
0.9989 
0.9914 
0.9925 
0.9453 
0.9996 
Equal-weight regression, with 
Minimum order = 2 and Maximum order = 4. 
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The distribution of landslide prone localities within the study area indicates that their 
occurrence is not only dependent upon slope and moisture saturation but also to a 
large extent on the density of the fracture system of the rock units (Ali et al 2003). In 
addition, the alignment of failure surfaces to the river courses points towards the 
aflfects of man made cultural features. This study in Shahbazan area exhibits the 
usefulness of DEM and modem techniques for rapid evaluation of natural hazards 
(Pirasteh et al 2002). 
Table 3-3- Correlation of different zones as depicted by various maps 
Z«nc 
D 
C 
B 
A 
Stability Index 
Siahle-l'pper 
Thrcsholcl 
Slahle-Upper 
Threslwlil 
Sfah/e-Defended 
Stahle-{ pper 
Thre.shuld 
Satiiratifm huie\ 
Saturated mainly along 
the drainages-Low 
moisture 
Partially wet- Low 
moisture dominated 
saturated along 
drainages 
Saturated - Low 
moisture mainly along 
drainages 
Saturated mainly along 
drainage-Low moisture 
i^hiukd Rciict 
DE\t Judex* m) 
2185.1-523.9 
Moderately 
Dissected Land 
2185.1-523.9 
Anticlinal Valley 
2185.1-0 
Anticlinal Hills 
2185.1-0 
Badlands 
f.cnlo'iv 
Gurpi, Amiran,Taleh-
Zang, Kashkan, 
Asmari Fm on the top 
with Quaternary 
alluvial. Intensive 
eroded younger 
lithologies. 
Gurpi, Amiran,Taleh-
Zang,Kashkan,Asmari 
Fm. on the top with 
Quaternary alluvial 
Asmari Limestone 
Formation 
Gachsaran + Aghajari 
Formation 
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4-1-General Statement 
Many geoscientists are carrying out a lot of works on tectonic geomorphology of 
Zagros Mountains and other places in the world, either with traditional or with new 
techniques using remote sensing and GIS. Amongest the significant contributions are 
Berberian (1973), Barzangi (1986). Keller (1986). Ali (1988), Graps et a! (1988), 
Birkeland (1990). Edmoiid (1992). Rangzan (1993). Berberian. 19v5. Barzangi 
(1995), Small and .Anderson. 1998. .Mi (2000. 2001). Burbank (20(,)!). Inger et al 
(2002), Jana (2002) and Ali et al (2003). During the past decade, the increasingly 
wide spread application of new techniques such as Global Positioning System (GPS), 
remote sensing and GIS have yielded spectacular new images of current earth motion. 
Hence, morphotectonically deformed surfaces that represent planner and linear 
features can subsequently be marked out. In Zagros Mountains the tectonic processes 
have widely encompasses all types of deformation, including the motion of tectonic 
plates, slip faults, symmetrical folds and asymmetrical folds. 
The development of folds in Zagros Structural Belt are fi-om north east to south west 
at the rate of 30 mm/yr (Berberian 1995), with a maximum fold crest uplift rate of 
Icm/yr. Once fold growth has ceased, the landscape remains subject to uniform uplift 
at rate of 1 mm/yr due to crustal thickening at depth. Uplifting and folding are the two 
main factors that form a series of parallel streams in lowlands between the rising 
folds. As the uplift is continuing, the drainage networks are adjusting and controlling 
the structure and lithology. The drainage network can be used as an important tool to 
interpret the structural behaviour of the area. 
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The river profile drainage network is mainly used for estimation of tectonic 
interpretation in the study area. The structures are controlled by the kinematics 
regimes. The drainages and geomorphic features are also controlled by structures such 
as faults, folds, joints and lineaments. Rivers, which have seen in the Zagros 
Structural belt are Dez, Kashkan and Karkheh. Some of these rivers after flowing a 
long distance finally ended in Persian Gulf Morphotectonic evaluation of the Dez 
river (i iu 4 1) is selected due to its importance. The Dez river was digitally drawn 
fi-om contact of Sanandaj-Sirjan Zone and high Zagros (Imbricate Zone) where Main 
Zagros Thrust is located (i ly 4-1). This river is originated at Chalanchoolan police 
station, which is 25 km southeast of Brojerd city. The Dez river crosses the Dezful 
city at south west of the study area in Dezful embayment. 
w-X .^ 
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Sha^azan 
Strike-slip F 
Fig.4-1) Showing Dez river on DEM of the study area 
Thrusting is implicated in the tectonic evolution of the belt. Propagation of faults 
through basement blocks and palaeo-basins controls the geometry of these structures 
(Inger et al. 2002). 
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In this study emphasis has been given mainly on cross-section of the topographic 
profiles for estimation of net erosion rates, river profiles, stream-gradient indices, 
generation of different geomorphic maps and assessment for querying of sinuosity, 
SL-slope, drainage density in the GIS environment to evaluate the tectonics of the 
study area. 
4-1-1-Methodology 
Materials used are: 1) Digital Topography Maps in DON formats 2) Landsat-5 
No. 166-037 TM and ETM with different FCC, dated June 1991 and November 2002 
respectively 3) various softwares like Rivertools 2.4, Microstation, ENVI 3.5, ER-
Mapper 6.1 4) Arcview 3.2 5) geological map of Iran . 
The Digital Topography Maps in DON format fi-om ISO have been converted in text 
format with the help of Microstation software and finally introduced in Rivertool 
software to prepare DEM. 
The satellite data were used in field visits to identify the objects in the study area. The 
ER-Mapper 6.1 and ENVI 3.5 softwares were used for georeferencing and Digital 
Image Processing. Geological map and DEM of the study area were calibrated, to 
characterize the relative age and formation of each rock unit for calculation of the net 
erosion rate. A profile of the Dez river was digitally mapped using Rivertool software 
to deduce the stream gradient for tectonic interpretation of the study area. 
Three topographic profiles were dravm separately on DEM, which are approximately 
perpendicular to NW-SE (trend of main Zagros Structural Belt) to calculate the net 
erosion rates. The strategy for calculating the net erosion rates using DEM was 
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normally to subtract the present topography from the filled topography, which yields a 
volume of eroded material. The actual total mass loss was approximated by 
connecting the higher points (dashed line) but this is a more subjective interpretation 
(Burbank and Anderson, 2001). Emphasis was given to the initial iandform shape, 
topography and the initiation of folding to calculate net erosion rates. After creating a 
reference surface in the topographic profiles ([• iu 4-! <>- \ 4-17. 4-18) that connect all 
of these erosional remnants and then subtracting the modem topography from this 
surface, the average amount of erosion, as well as local erosion estimates at each 
point, have been made (Small and Anderson, 1998). Further more GIS software was 
used to generate sinuosity map and SL-Slope map which direct us for a good tectonic 
interpretation of mountain front. 
4-2- Tectonic and Landscape Evolution 
"Tectonic landforms" are structural landforms of regional extent. These landforms are 
making up extensive landscape whose topography is strongly influenced by the 
structures and some degrees of deformation. Basically landscape developed on 
orogenic belts in uplifted area and basins in the Zagros Structural Belt can be named 
as tectonic landforms. 
In the study area, fractures and other structural features generally control the 
geomorphology, which is also strongly influenced by erosion. So the term of 
"Structural geomorphology" is also used in this text. 
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Tectonic deformation and interaction with surface process over interval of thousands 
of year in the Zagros Structural Belt produced the landscapes that we see today in 
study area which supposed to be tectonically active region. A vertical uplift in the 
Zagros Structural Belt, hundreds of meters of uplift occur over intermediate 
geological timescale. 
The geomorphological study of the Zagros collision zones reveals that the Zagros 
morphogeny is the morphotectonic expression of the Alpine-Himalayan subduction 
cycle and collision between Iranian and Arabian plates. During the Cretaceous the 
subduction started as a global event which led to the closing of the Neo-Tethys (Takin 
1971, Berberian and King 1981) in Iran. This event is recorded as Imbricate Zone 
where the subduction is related to ophiolite and coloured melange were accreted to 
the Zagros sediments in the late Cretaceous time (Takin 1972). Collision related 
compressional tectonics resulted in the upliftment of the Imbricate Zone and the 
formation of the Zagros Fold Belt and sedimentary environment change from marine 
to continental in the Zagros trough. The Zagros trough closed around Miocene (25-5 
Ma) concomitantly with the opening of the Red sea. The collision of the Arabian and 
Iranian plates led to the annihilation of the subduction below the Imbricate Zone. This 
process of collision generated morphogeny in the Sanandaj-Sirjan Zone, Imbricate 
Zone and Zagros Fold Belt. In response to opening of the Red sea the Sanandaj-Sirjan 
Zone and Imbricate Zone underwent vertical tectonic and acted as areas of positive 
relief 
The geomorphological study of the Zagros Structural Belt shows the evidence of 
morphotectonic activities. The presence of structural features in the Zagros Structural 
Belt are affected by the pattern of drainages and the main river such as Dez river (Fiu 
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4-1). The geomorphic erosion and tectonic denudation (i.e. process of extension and 
normal fault) (Biirbank and .Anderson. 2001) with faulting and folding formed V-
shape valley in most of the study area. 
Structure, processes and time are three pillars of geomorphology. Structure is 
generally agreed to be the most important of the geomorphological studies in the 
Zagros Structural Belt. Structures in the Zagros Structural Belt include not only 
deformation features like folds, faults, and joints, but any characteristics of the rock 
bodies such as their mineralogy and fabric that govern the relative resistance to 
erosion. 
One of the most profound realization in the study area often looking at the earth from 
space, where vast area are seen on a single rectified image (LANDSAT-5 TM) (Fig 4-
2), is that, over much of the land surface, the major control of the landscape is its 
underlying structure. 
Landsjt TM satellite data of 
bandi 7-4-1-1991 SW Iran 
. '"^i ^ ^ ^ Khurramabad 
1 '^^^^H^^^B 
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Fig.4-2) Rectified Landsat-5 TM-1991 image of bands.7-4-1, ZSB SW Iran 
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The synoptic views of the geomorphic parameters studied in the area offer strong 
support that, geomorphology, structure and tectonic are related to each other. 
The present study shows that the Mesozoic carbonates are exposed in the core of the 
oldest fold, while erosion has smoothly stripped the younger fold of its Miocene cover 
in Gachsaran formation. Stream erosion has also stripped off the Miocene marls and 
evaporates within most of the valleys in the Zagros Structural Belt, exposing the 
underlying resistant Asmari limestone. With further uplift and exhumation, the 
drainage network continues to adjust the changing outcrop pattern. The Asmari 
limestone unit has been stripped off the landscape, with isolated remnants forming 
synclinal hills. 
The pattern of river adjacent to folds and the presence of water gaps (Fig 4-2) in study 
area can be interpreted to indicate the direction of propagation of folds (Jackson et al 
1996). The main crest of synclinal fold of Asmari formation is impacted by erosional 
process. 
The widely spaced folding in the Zagros Structural Belt represents the propagation 
and dynamic movement of folds. Overturned and open folding in Miocene age of 
Gachsaran formation illustrated the tectonic evaluation of Zagros Structural Belt. The 
Chenareh and Kabirkooh anticlinal folds (Fig 4-3) are the easily visible folds, which 
are the main asymmetrical folds in the southern part of the study area. Both of these 
are covered by Asmari formation of Oligocene- Miocene age. 
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Because of the large fold amplitude the resistant Asmari limestone is chemically 
weathered along the anticlinal crests, e x p o ^ the underlying strata as eroded surface. 
This topography characterized by resistant hogbacks rimming the inner anticlinal 
cores and the surface is dominated by the credible flysch unit (Fiu 4-2). 
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Fig.4-3) 3-D of the Landsat image FCC 4 3 2, Dezfiil block, ZSB SW of Iran 
The Zagros Structural Belt in south west, Iran is a young ~ 5 m.y (Berberian & King, 
1981) and presently an active fold and thrust beh. The combination of field visits and 
remotely sensed data in the study area shows that the folds have grown up 
sequentially. Erosion has relatively unroofed many structures in a uniform fashion. 
Subsequently in the Zagros Structural Belt the geomorphic process acted and 
degraded the topography of the area. The earthquake is also one of the factors for 
changing the morphology of the area in the Zagros Mountains. 
The low relief surfaces have been less afifected by tectonic activities, whereas the 
Zagros Fold Belt, which has high relief surface and intense tectonic expression, 
reveals that the Zagros Fold Belt is highly affected by tectonic activities. However, 
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the main tectonic features that may have direct control over morphotectonic evolution 
of the study area are described as follows: 
4-2-1-Thrust Fault 
Thrust faults are reverse faults where the angle between the fault plane and the 
horizontal is less than 15 degrees. Thrust faults allow large slabs of crust to be 
stacked on top of another. In the Zagros Structural Belt there are major thrust systems 
which include the Main Zagros Thrust, Khoramabad Thrust, JafEirabad Thrust, Hoor 
river Thrust and Kazan Thrust (!iu4 !). These are formed due to maximum 
con^ressive stress (ai), which is horizontal and is vertically oriented deviatoric 
tensile stress in the area. These thrusts approximately cut a horizontal land surface at 
Jow angle therefore Jfae faults occasionally have been overturned at the surface. Due to 
the low angle intersection of thrust faults with the earth's surfece, the traces of thrusts 
are often affected by topography and are highly sinuous. 
The Main Zagros Thrust is separating the Sanandaj-Sirjan Zone from Imbricate Zone. 
The Razan and Khoramabad Thrusts are southwestern extension of the Main Zagros 
Thrust which are separating different units. The Hoor thrust is just an Imbricate 
Thrust, which has been generated because of piling up in the Khoramabad klippen and 
many smaller thrust faults. These faults have accommodated 100 of kms of horizontal 
movement and have significantly thickened the continental crust in the study area. 
This thickening of the Main Zagros Thrust (upto 65 Km) of the crust has resulted in 
the uplift. The directional correlation in the orientation of the major thrust and fold 
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axes in NW-SE suggest that the thrusting and folding are dynamically related to 
crustal shortening in the Zagros Structural Belt. 
4-2-1-1- Features of Thrust Faults 
Nappe - a large symmetrical and asymmetrical fold present in the Zagros Structural 
Belt indicate the compressional forces and tectonic processes. 
Klippe - an erosional remnant of thrust sheet is isolated from the main Zagros thrust 
sheet by erosion. 
Fenster - (or wdndow) - An eroded valley into a thrust sheet exposes the rocks 
underlying the thrust fault. 
Scarp - an immature and rugged topography produced a landscape in the present 
study area due to thrust faulting. 
4-2-2-Strike-Slip Fault 
This type of faults are dominated by hori2X3ntal movement. This suggests that the 
principal stress axis is horizontal and direction of the easiest is also horizontal 
(Badgly 1965). These are seen in the study area like Shahbazan strike slip fault in 
Zagros Folded Belt. Most of the strike slip faults are causing lateral shift in the 
lithologies, folds and thrusts. 
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4-2-3-Fold and Thrust Belts 
In the present study zone of the orogen, rocks have been folded into complex 
anticlines and synclines such as Chenareh and Kabirkooh anticlines (Fiu4-i). 
Reverse and thrust faulting occurs along fold axes in the Zagros Mountains (youi^, 
active and resistant). Folds and thrust belts in the Zagros Mountains axes are 
approximately perpendicular to the main compressive stress. Generally folds in the 
study area have a steeper forelimb than backlimb. The dip of the forelimb is about 60 
degrees and the backlimb is about 35 degrees. At places, the uplifted surfeces are 
seen, which have dissected both forelimb and backlimb of the folds along the fold 
trend, which may be suggestive of modem geomorphic activities. As the plunging 
fold began to grow laterally the shorter and steeper stream occur on forelimb and 
courses the drainage divide to be displaced laterally. Hence across the fold the length 
of stream develop in asymmetrical fashion. In the study area, the Dez river (Fig 4- i) 
can be seen to have cross cutting relationship with folds. 
Initially this river tends to maintain its course across a fold. Due to sufficient stream 
power the uplifted materials are eroded, removed and carried down to stream gradient 
across the fold axis. The process of erosion has created water gaps (Fig 4-2) across 
the fold axis. 
As uplift and folding is concerned, in the lowlands and within rising folds a series of 
parallel streams are formed. The continiiation of uplift results the drainage networks 
related to the structures and lithologies by forming trellis and dendritic to sub 
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dendritic drainage patterns. Stream erosion has also stripped off the Miocene marls 
and evaporates within most of the valleys, exposing the underlying resistant Asmari 
limestone. Growing uplift results the continuation of drainage networks to adjust the 
drainage outcrop pattern. The Asmari limestone partially has been stripped oflF the 
landscape, with isolated remnants forming synclinal hills. 
4-2-3-1- Features of Fold and Thrust Belts 
t -t" 
:<->y 
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Anticlinal mountains - In Zagros Mountains as folds are exhumed , variation in the 
resistance of these strata produce topography characterized by large anticline where 
elliptical Asmari hogbacks encircling breached anticlines, and where exhimation has 
been greatest, by rugged topogr^hy sculpted from Mesozoic carbonates in the inner 
cores of the anticlines (Oberlander 1965). 
Synclinal ridge - Synclinal folding tends to close fractures and thick rock units along 
the axes of synclines, it is common for synclines to become rugged in the Zagros 
Structural Belt as the topography of a fold and thrust belt is eroded down. The 
example of this feature is seen in the Shahbazan area (Fig 4-4). 
Structurally controlled rivers - In Zagros Structural Belt rivers are generally 
controlled by the structure. Rivers and drainages flow along the axes of synclines, 
faults and fractures. As the stream system evolves by headward migration and stream 
capture, the stream may eventually flow across the regional structure in the Zagros 
Structural Belt (Fig 4-1). 
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These structures exhibit tight fold with NW-SE trend and closely space fracture 
systems. These styles of geological setting facilitated severe erosion and formation of 
rugged and immature topography with closed drainage system. The drainages also are 
controlled by fractures and faults system towards NE-SW direction. 
48.00 48.20 48.40 48.60 48.80 49.00 49.70 49.40 
of" 
48.20 46,40 49,60 48.80 49.00 49.20 49.40 
Fig.4-4) DEM of the ZSB 
Hogbacks- The large folds with long amplitude have been caused due to the 
resistance of Asmari limestone, thereby it is penetrated along the anticline crests, 
exposing the underlying strata to erosion resulting in the development of hogback 
features (Fig 4-4). The hogback ridges in the study area may be characterized by high 
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resistance to erosion, structural discordance with the tectonic grain of the Zagros 
Folded Belt. The hogbacks are observed in some parts of the study area. The main 
hogbacks are located around south east of Chenarah where Kuh-kavil is situated, 
around Parasak in north west of Kuh-Kavil, and south west of Hoor river thrust. 
3-2-4-Fractures 
The well developed fracture system is seen in the Zagros Structural Beh. These are 
having variable direction to main Zagros trend. However, the density of these 
fractures and their orientation is well described by Rangzan (1993). Strong control of 
fracturing pattern on drainage network and erosion in the study area is observed. The 
high densities of the fractures have affected the area and generate hazards such as 
landslide and rock fell. The best example of such phenomena which is presented by 
fracture systems are the Shahbazan, Tang-e-5, Mazou and Keshvar areas in 
conjunction of Andimeshk- Tehran railway station which pass through the Zagros 
Structural Belt. 
4-3-Geoinorphological Study 
Tectonic force is an impulsive event that occurs at the beginning of the geomorphic 
cycle. Subsequently geomorphic process attack and degrade the topography. Since 
tectonic activities in the area were started during Triassic to Late Cretaceous then the 
oldest geomorphic features formed in the Zagros Structural Belt that resulted in 
rugged topography. The tectonic activity in Zagros Structural Belt is more than the 
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rate of erosion therefore erosion may not be only a considerable process to change the 
topography and uplifting. In order to determine the relationship between tectonic and 
erosional activity and also to find the present day morphometric behaviour of the 
study area, the geomorphological parameters such as drainage basin morphometery, 
sinuosity, straight line slope, stream gradient indices, drainage basin relief and 
drainage density are carried out (Tables 4- i, 4-2). These are described as follows. 
4-3-1-Drainage Morphometric Analysis 
Complex geological-geomorphological activities have created an immature and 
rugged landscape topography, which in turn imposes various natural hazards 
(landslide, erosion and flash flooding) causing inconveniences to both people and 
infrastructure. The area exhibits dendritic to subdendritic patterns. Drainage patterns 
are not only dependent on the structure and lineaments but also follow the 
topographic features and patterns. 
The use of a digital terrain model of Zagros Structural Belt made it possible to 
calculate a synthetic drainage system in the terrain and drainage network through 
which the water runs. A gird-based terrain model of the Zagros Structural Belt 
represents the continuous surface of the terrain. Drainages are in the direction with the 
lowest elevation. Each cell has eight adjoining cells and eight possible drainage 
directions (Bernhardsen 1999). The direction of the drsunages based on the cell's 
elevation value with the values of the adjoining cells. The drainage network in the 
Zagros Structural Belt could be automatically vectorized. The digital terrain model 
(Fig 4-1) made for the area has become a useful tool for the study of drainage 
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morphometery. Drainages in the study area also often shift the direction of flow due 
to folding, thrusting, and rock type variations as the orogen is exhumed (i i ). 
I l:iiUrx:Hl»MAiln 
o 
Fig. 4-5) Structural Zone and transverse drainage of the Zagros Mountains. 
Oberlander (1965) and Falcon (1974). 
The new study for drainage basin morphometric analysis of Dez river in the Zagros 
Structural Belt is evaluated by using GIS software to interpret structure and tectonic 
behavior in the area. Based on the results from GIS analysis, the following tables are 
illustrated ( ' '). Using GIS software for the network analysis make the 
processes easy to assess the relationships between numbers, Strahler order, length, 
area, slope (channel gradient), relief, sinuosity, SL-slope, magnitude, drainage density 
and other geomorphological parameters. 
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Table. 4-1- Showing data summery for the Dez River BASIN, ZSB, SW Iran 
Parameter 
Orders 
1 
2 
3 
4 
5 
6 
7 
8 
Number 
36725 
7940 
1743 
382 
90 
24 
4 
1 
BasmRelitf(km) 
Min 
0.0000E 
O.OOOOE 
l.OOOOE 
9.3eO0E 
2.S1000E 
5.8S00E 
1.31000E 
S.746O0E 
Max 
O.OO0OE 
1.37300E 
1.62600E 
1.87700E 
2.SSS00E 
2.81800E 
2.38500E 
3.746O0E 
Basin Area (sqkm) 
Afm 
1.75000E 
6.25000E 
2.8000E 
2.00250E 
9.23000E 
5.27198E 
3.45977E 
8.10927E 
Max 
2.58750E 
6.74751E 
1.6850E 
&88623E 
1.86961E 
6.74357E 
1.59900E 
8.10927E 
Drainage Density 
(I/km) 
Min 
7.7SI94E 
4.90468E 
1.54761E 
2.36447E 
2.62232E 
2.74273E 
3.00676E 
3.0S306E 
Max 
1.89676E 
1.166S2E 
1.1733 7E 
4.70774E 
3.99938E 
3.41797E 
3.23016E 
3.08306E 
Network 
Diameter 
Min 
I 
2 
3 
6 
17 
51 
149 
1205 
Max 
I 
19 
51 
120 
182 
390 
398 
1205 
No. Of 
Links 
Max 
9 
24 
807 
Min 
J 
18 
46 
110 
164 
286 
304 
807 
Table. 4-2-Stream Ratio Estimates for the ZSB,SW Iran 
N;iiii>: 
Stream Numbefs 
Drainaee Area 
Straigjit-tine length 
Along-cfaannel Imglh 
Elevation drop 
Straight-line slop 
Along-diannel slop 
Total length 
Main channel length 
Relief 
Network diametecs 
Sinuosity 
Drainage density 
Source density 
Links per stream 
Ratio 
4.29 
4.37 
1.98 
2.09 
1.13 
1.78 
1.87 
4.32 
2.30 
1.53 
2.61 
1.05 
1.02 
1.09 
2.31 
Slop 
0.633 
0.640 
0.297 
0.320 
0.053 
0.250 
0.272 
0.636 
0.361 
0.186 
0.417 
0.022 
0.008 
-0.036 
0.363 
R'2 
0.9992 
0.9993 
0.9983 
0.9981 
0.5790 
0.9649 
0.9702 
0.9992 
0.9988 
0.9716 
0.9979 
0.9%7 
0.9733 
0.7720 
0.9957 
Equal-weight regression, with 
minimum order = 2 and maximum order = 6 
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4-3-2-$uiuosity 
Several numerical measures of the mountain front and its related fluvial system have 
been used to classify the state of long-term tectonic activity. Because an active front is 
generally straight, whereas an inactive one becomes increasingly embayed, the 
sinuosity of the mountain front is a useful indicator of the level of long-term tectonic 
activity (liuil aiui McI adden, 1*^ )77). The behavior of long profile was calculated to 
determine the tectonic activity, which is operating within each lithotectonic unit of 
Zagros Structural Belt. This is calculated following the formula used by (EJurbaiik and 
Anderson 2i)Ul). 
S = Lmp / Lr 
Where, sinuosity, S, is determined by dividing the length of the mountain-piedmont 
junction, Lmp, by the length of the associated range, Lr. A sinuosity near to one (S= 
1) indicate the tectonic active zone (Burbank and Anderson 2001) while increasing of 
sinuosity indices in the area shows that the tectonic processes will be decreased (Ali et 
al 2003). Therefore it has been observed that Sanandaj-Siijan Zone in north east of 
the study area having higher sinuosity indices than the Imbricate Zone and Zagros 
Fold Belt (Fiu 4-o). The field data calibrated to the computer analysis m GIS software 
results that the folded Zagros have been subjected to deformation with high tectonic 
activities as shown in sinuosity index map ([ u i-n). So the study area can be divided 
in different zones of sinuosity behavior as, 1- Sanandaj-Siijan Zone with high 
sinuosity, 2- Imbricate Zone with moderate to high sinuosity and 3- Zagros Fold Belt 
with low sinuosity. 
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Fig.4-6) Sinuosity map of the ZSB, SW Iran 
The high Zagros near to Main Zagros Thrust on sinuosity map is also implied that the 
central forces may be applied near to it. So the area will also be subjected to 
deformation due to tectonic processes where the sinuosity is about 1 to 1.109. It 
reveals that the axes of deformation within the Zagros Structural Belt are migrating 
towards south west. 
4-3-3-SL-Slope (Straight Line Slope) 
Calibration of the topography map and field data show that the first- order streams 
have steeper gradients than the second order streams to which they contribute, and 
second-order streams are steeper than third-order streams, and so on. Here the high 
value of SL slope indicates more uplift than lower SL slope. The overlaying SL-slope 
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drainage network on Landsat FCC image 7-4-1 (1 iu 4-~) indicates the zones with low, 
moderate and high SL-slope. The low SL-slope shows less tectonic active area while 
the high values of SL-slope represent high tectonic active area. The area with SL-
slope of 0.711-4.268 describes the areas, which are more affected by tectonics than 
the other lithotectonic units in the Zagros Structural Beh. 
The descriptive analysis is used for the study area in GIS environment to make 
statistical analysis and plots which show the statistical relationships between two 
parameters. The power of GIS lies in its ability to compare sets of attributes-often 
thought of as the process of overlaying layers-in order to indicate the X-Y 
relationship. Generally, the scatter plot in GIS is useful tool to show relationships 
between attributes. The scatter plot (tm 4- >) shows the relationships between two sets 
of attributes in study area. The GIS analysis also could be used to generate other plots 
of the study area, which is used to interpret structural and tectonic of Zagros 
Structural Belt. 
The relationships between the SL-slope and stream orders in the study area indicated 
that the first order streams covered high range of SL-slope than second order streams 
and so on (I lu 4-o). The steeper gradients will also suggest the resistance of the 
bedrock. In this study, it is deduced that the lower SL slope values correlated with 
high resistance of bedrock. In Sanandaj-Sirjan Zone where the igneous - metamorphic 
rocks are exhibited, the resistance will be more than other lithotectonic units where 
mostly covered by sedimentary strata. 
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Fig.4-7) SL-Slope map overlay on Landsat ETM 741 2002, ZSB,SW Iran 
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Fig.4-8) X-Y plot of the stream orders with straight slope in the ZSB. 
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4.3-4.Stream Gradient Indices 
The zone of rapid rock uplift had a steeper gradient, higher relief, and higher gradient 
indices (Biirbank 2('01). In order to calculate the stream gradient the Dez river profile 
was digitally drawn from Chalanchoolan police station near Brojerd city, which is in 
contact of Sanandaj-Siijan Zone, Imbricate Zone and Zagros Fold Belt. The total 
length of the stream is approximated to 165 km ( . 4-'^-\. ' ). The profile was 
divided into three sectors such as 1- high Zagros (Imbricate Zone), 2- folded Zagros 
and 3- folded Zagros towards Dezftil embayment in south of Shahbazan station 
(|-iti.4-iO-A, [i. C). 
Step like river profile of the study area is predicted to approach a graded profile, 
which indicate that area has been tectonically disturbed. Stream gradient indices 
deduced in each part of the profile, shows variation fi-om 806m to about 142m per 
kilometer which means that the river profile is experiencing a regarding stages. 
Demc<theZSB ^r-^;^;-T- " '^ , o«-«.^ sz 
n^ .1.11 
M-
^: ^ Nit--- - X T-ii/^r.-
:innicm J ^--- ^ ^X '^V-^ . !* Z.SB 
—• 
fic-imM "• DczfiilE«iba\wcnt tw*^*^ 
Fig.4-9-A) Dez river and structural features on DEM of the study area 
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Fig.4-9-B) Dez river profile with about 165km 
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Fig.4-10-A) Stream-Gradient indices, topography profile High Zagros 
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Fig.4-10-B) Stream-Gradient indices, topography profile for Folded Zagros 
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SW 
Fig.4-10-C) Stream-Gradient indices, topography profile for ZSB-folded Zagros 
towards Dezfijl embayment 
The high index shows the steeper gradient and high tectonic activities are mainly with 
thrusting and faulting like Main Zagros Thrust, Hoor Thrust, Chamsangar fault, 
Shahbazan strike slip fauh and Baraftab fault (lig 4-1 ' )-AJ}.( ). The Dez river profile 
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indicated that the most active tectonic zone falls in folded Zagros where the stream 
gradient indices vary from 806m to 165m per kilometer (Fig 4-9-B). It has been 
interpreted that the reduction in gradient towards the Dezfiil embayment may point 
towards lesser tectonic activities. 
The different formations dominating various type of rocks like limestone and 
evaporates in Gachsaran formation, shale of Aghajari formation, marls of Kashkan 
formation. Cretaceous calcareous in contact of the Imbricate Zone and Zagros Fold 
Belt with Sanandaj-Sirjan Zone may also approaching graded profile of Dez river in 
the study area. 
For the disturbed rivers profile the high SL values or stream gradient may indicate 
high tectonic activities. The systematic stream gradient map (Fig 4-11) of the Zagros 
Structural Belt in GIS environment was made to interpret tectonic correlation. From 
the map (Fig 4-11), it is resulted that the Sanandaj-Sirjan Zone that exhibits 0 to 
0.441 has low tectonic activity. It also reveals that the Zagros Fold Belt that exhibits 
0.441 to 4.268, has higher tectonic activity than other lithotectonic units in the Zagros 
Structural Belt. These activities in the Zagros mountains have generated terraces. 
When a river that is flanked by flight of fluvial terraces is also oriented at a high angle 
to strike-slip fault (Burbank and Anderson 2001), the terraces displayed by the fault 
is provided an excellent record of progressive offsets. These terraces have been seen 
in the study area by changing in river course. Because of changes in river course of 
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the Dez river through time in the Zagros Structural Belt the height of risers between 
terraces along strike-slip faults is generally guide to correlate terraces. The vertical 
(dip-slip) displacement along the faults is responsible for river height and variation as 
well. 
Dez river in the Zagros Structural Belt cross an active fold, so fluvial terraces is 
recorded as progressive displacement. The presence of fault and continuation in 
tectonic activities, rupture the surface. The growth of the structure itself was 
tectonically pulsed, such that terraces formed during intervals of reduced deformation 
rates ( MedwedefT eta! 1992). It is expected that the age and height of the terrace 
generally correlate with the magnitude of displacement. The field checks show that in 
the Zagros Structural Belt where the folding and faulting are closely spaced, a single 
terrace is displaced by several faults. 
'.O 
'^rf^y~M^oo<i police station 
Dezfd embayment 
0-0.095 
0.095 - 0.245 
0.245 - 0.441 
0.441 -0.711 
0.711 -4.268 
n + 
Fig.4-11) Stream-Gradient map of the study area showing tectonic zones in ZSB. 
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4-3-5-Drainage Basin Relief 
Uplifted areas are strongly correlated with maximum drainage basin relief which have 
seen in case of the Dez river with high drainage basin relief The amount of the 
drainage basin relief for the study area is mapped ( ) and shows that the area 
can also be divided into three basin relief zones. These are divided as low, moderate 
and high drainage basin relief Low drainage basin relief comprises the Sanandaj-
Sirjan Zone with about 0 to 0.661, which indicate low uplifted area with lesser 
tectonic activities. The high drainage basin relief comprises more uplifted area and 
higher tectonic activities. The drainage basin of the study area has been shown on 
DEM as a layer, which is made within the GIS environment (i lu 4-1}). 
The use of digital terrain model of Zagros Structural Belt also made it possible to 
calculate the individual areas and watershed in the study area. The drainage basin was 
calculated on the basis of cells value. Cell with the lowest accumulated value 
represent the limit for the Dez watershed (1 iy 4-13) in the study area. 
This is the vector representation in GIS environment. The spatial analysis 
measurement represents polygon for Dez drainage basin, which is totally reliable. For 
this reason the basin outlet was digitally processed on the DEM for about 277478.58 
East and 3626126.6 North with respect to UTM coordinate. The spatial queries for the 
Dez basin (i^ i^  f >) indicates about 8109.68017578 sq.km area. The study could 
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also implement to achieve the watershed sub basin boundaries in the Zagros Structural 
Belt. 
0-0.245 
0.245 - 0.661 
0.661 - 1.26 
1.26-2.211 
2.211 -3.746 
^ 
Fig. 4-12) Drainage basin relief of the study area 
48.20 -^B.+O 49.60 48.aO 49,00 49.20 49.40 
Fig 4-13) Drainage basin of the study area overlaying on DEM 
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4-3-6-Drainage Density 
Drainage density is expressed as length of channel per unit area. If the drainage 
density is low it indicates harder lithology, whereas higher drainage density indicates 
softer lithology. In case of sedimentary rocks low drainage density indicates 
arenaceous rocks whereas high drainage density indicates argillaceous rocks. In 
igneous terrain the soil cover may be either sandy soil or clay soils. The sandy soils 
will have low drainage density and indicate subsurface lithology as granites or 
granitic rocks such as diorite, granodiorite. The clay soils will have high drainage 
density and the subsurface lithology will be interpreted as basic rocks. In case of 
metamorphic terrain the low drainage density will indicate gneiss and schists whereas 
high drainage density will indicate slates and phyllites. It has been studied that if the 
drainage density is higher, the rate of erosion will also be higher (Pirasteh 2000). 
It has been identified (Fig 4-14) that the erosion regions can be described to interpret 
the tectonic geomorphological settings. The drainage density map shows the 
following: 
1 - The average drainage density in Sanandaj-Sirjan Zone is about 3.218 
2- The Imbricate Zone develop with average drainage density of 2.619 
3- The average drainage density for the Zagros Fold Belt was calculated to be 
about 3.8005. It shows the trellis drainage pattern 
4- The drainage density for the Molasse Cover Sequence is calculated to be about 
1.72. 
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The descriptive GIS spatial analysis indicated that the first order streams have higher 
range of drainage density than the second order streams and the second order streams 
have greater range of drainage density than third order streams and so on ( ) 
crrtfrt . i t . i 
\ --*r'^^>%:Broie.d 
. - f • > • • • • - i . 1 ^ ; ' . . r • 
:;MCS: 
ToDezful 
iiii>:v -.'j^:. iiu=<. : y«s ; ^W-.' -c'tx- ••»•* ?~o-.i -fc-.v -j^j.-t 
0.078 - 2.054 
2.054 - 3.182 
3.182-4.419 
4.419 - 6.994 
6.994 - 18.968 
Fig.4-14) Drainage density map of the study area made in GIS environment. 
4-3-7-Stream Responses to Regional Tilting 
The Dez river is one of the main river in the study area which follows the steeper 
slopes. Rivers that flow directly downwards a newly created slope are consequent 
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rivers (Burbank and Anderson 2001). The uplifting in the Zagros Structural Belt is an 
interesting point to dissect stream responses. The tectonic evolution of the Dez river 
(f iu 4-1) is along the surface of uplifted folds. Due to tihing of the faulted blocks Dez 
river has undergone many changes. At places where rivers flowing along the axis of a 
basin that tilted is tend to be shunted towards the down dip edge of the basin (Cox 
1994). The Dez river flows in the direction of tilting, therefore the study shows that 
Dez river will often has steeper gradients. The uplifting in the Zagros Structural Belt 
and erosion processes considerably has changed the situation of the rivers that flow 
across a surface and slope is changing due to ongoing tilting. Hence this tilting caused 
the shifting of original river courses towards the steepest gradient. 
The Zagros Structural Belt has rugged topography. Tterefore it is anticipated that the 
regional tilting would have steeped the courses of Dez river. 
4-4-Resistance to Erosion 
In rugged topography of the Zagros mountains, diflFerent rock types are seen with 
varying resistance to erosion. In the Sanandaj-Sirjan Zone where igneous and 
metamorphic rocks show differential erosion has created low land in metamorphic 
terrain whereas in igneous rocks it has hummocky surfaces. The rest of the Zagros, 
which comprise sedimentary rocks also exhibit differential resistance to erosion and 
hence marls and evaporites form in valleys and low areas. In the study area limestone 
and sandstone exhibit ridges due to their moderate to high resistance to erosion. 
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4-4-1-Net Erosion Rates 
It has long been recognized that during long interval of tectonic quiescence, 
topography of the Zagros Structural Belt beveled off by erosion processes and low-
relief landscape has developed. It has been recognized that the landscape in the 
Zagros Structural Belt as an active tectonic belt results from interaction among the 
processes of uplift in Miocene time and surface processes that can lead to local 
erosion and deposition. The uplift and erosion during Miocene to Recent has resulted 
in changing the topography where the altitudes of the peaks have increased and at the 
same time the mean height of the region is also increased, that is due to continuation 
in tectonic processes in the Zagros Structural Belt wiiere the height increases 
1 mm/year. 
In the present study to calculate the net erosion rates, emphasis has been given to on 
the initial landform shape, topography and the initiation of folding. No parameter 
such as sediment flux, shear stress has been taken into account though many people 
would argue that the sediment flux is a critical variable in controlling erosion rates. 
The rate of surface erosion may be calculated as follows: 
Rate of erosion= Elevation of bed rock in Ta - Elevation of bed rock in Ti / Different 
in Time scale 
Where, Ti= Old time 
T2= Present time 
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The volume of rock erosion during the deformation in diflferent times and under 
varying conditions has been calculated. The age of the former erosion helped us to 
evaluate the elevation of the net erosion rates presently acting in the area. The high 
relief surface in the Zagros Structural Belt gives the tectonic activities ideas with old 
erosion surface; therefore the oldest erosion processes in the Zagros Structural Belt 
developed the rugged topography. Not only topographic elevation, but also the age of 
the strata defines the rate of erosion. Hence the rate of erosion is correlated to mean 
basin elevation ( Pinet and Souriau 1988). Concordant summit of peak elevation 
gives the result for erosion process and its rate (Barbank and Anderson 2001). 
Geomorphic processes were conceived as attacking the uplifting region throughout 
the period of Zagros mountains building, so that the resulting landscape could be 
interpreted as product of these activities between deformation and erosion. The crest 
of the main anticlinal fold of Asmari formation is affected by erosion processes 
therefore the topography has been changed to form breached anticlinal landform. 
To calculate the surfece erosion rate, after creating a reference surface in the 
topography profiles (Fig 4-15-.A), that connects all of these erosion remnants and then 
subtracting the modem topography fi-om this surface, the average amoimt of erosion, 
as well as local erosion estimates at each point, was made (Small and Anderson 
1998). 
Rapid uplift in the Zagros Imbricate Zone and Zagros Fold Belt especially in 
Miocene-Recent with high net erosion rates generated rugged topography while in 
Sanandaj-Sirjan Zone lower rates of net erosion with smooth topography (Fig 4-15-
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A,B). Net erosion rates are varied within lOm/MY - about 162.5m/MY. Thelmm/y 
rates of uplift (Berberian 1976) has not been taken into account. To calculate net 
erosion rates, three cross-sections are digitally drawn on DEM. These are as follows: 
Profile A-B : 
The profile has 190 km length. It starts from north east of the study 
area where Sanandaj-Sirjan Zone exhibits and ends to west of Dez dam, which 
comprises Pliocene conglomerate and Recent materials. This profile cuts the 
following lithotectonic zones. 1-Sanandaj-Sirjan Zone, 2- Imbricate Zone, 3- Zagros 
Fold Belt and 4- Molasse Cover Sequence. The Sanandaj-Sirjan Zone dominated by 
igneous-metamorphic rocks of Jurassic-Triassic age. The other lithotectonic units 
comprise sedimentary rocks from Recent and Pliocene age to Creatceous. The 
topographic profile cuts the Zagros Fold Bek in 50 km to 140 km and shows that the 
area has been subjected to more deformation with closely spaced folding (Fig 4-15-A, 
B). 
The average net erosion rates in the Zagros Fold Belt estimated about 54.16 m/my. 
The topographic profile also cuts Sanandaj-Sirjan Zone in northeast. The net erosion 
rates were calculated for this zone. That is about 13.7 m/my. The sudden changes can 
be observed in the topographic profile. 
These changes can be interpreted as a major difference in lithotectonic units. About 
70 km from southwest to north east, the profile shows sudden decrease in elevation. 
The surfece erosion calculated about 110.52 m/my for this region of Molasse Cover 
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Sequence. Along the cross-section A-B (Fig 4-15-A, B), for about 50 km from north 
east to south west where Main Zagros Thrust is present, there are numerous variation 
in elevation. This also can be described as a boimdary for the divisions of the two 
lithotectonic units. 
However, this profile indicates that the Zagros Fold Belt has high net erosion rates 
and uplift than the other lithotectonic units. It also shows that the continuous erosion 
process within the Zagros Fold belt has developed a rugged and immature 
topography. 
Profile C-D : 
The profile along cross-section C-D has 110 kms length. It starts fi-om 
south of Brojerd city where the contact of Sanadaj-Sirjan Zone and High Zagros (i.e. 
Main Zagros Thrust) is present and ends north west of Andimeshk city in the south of 
the study area. This profile cuts Imbricate Zone in northeast and Zagros Fold Belt in 
southwest. 
This profile also consists of diflferent lithological units such as Cretaceous calcareom, 
Asmari Formation, Gachsaran Formation, Papdeh and Gurpi Formations. The profile 
shows that the net erosion rates in the Zagros Fold Belt for Papdeh and Gurpi 
Formation is about 64.28 m/my, Gachsaran Formation (Miocene-Eocene) about 52.94 
m/my and Asmari Formation about 45.16 m/my. 
The net erosion rates averse in the Zagros Fold Belt, from the profile is depicted 
about 162.38 m/my. The profile also shows the average of the net erosion rates 
calculated in Imbricate Zone is about 21.9815 m/my (Fig 4-16-A. B). 
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However, the profile indicates that the uplifting and surface erosion rate in the Zagros 
fold Belt is more than that of Imbricate Zone. 
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Profile E-F : 
The profile along cross-section E-F is 87 km in length. It starts around 
Dorood police station m northeast, contact of Sanandaj-Sirjan Zone and High Zagros 
of Main Zagros Thrust and ends to north east of Andimeshk city (near Shahbazan 
station) (Fiu 4-17- A H). This profile cuts two lithotectonic units. These are: 
1 -Imbricate Zone 
2- Zagros Fold belt, in east of the study area. 
The area comprises different sedimentary rocks fi-om Creataceous to Recent and Sub 
Recent. The net erosion rates calculated for each unit has given in figure Fiu 4-17-A. 
B that varies fi-om 36.58 to 162.5 m/my. The profile shows the rugged topography in 
the area. 
The profile also presents water gaps in the area which was caused due to folding 
(Fig 4-17-A. B). Interpreting the topographic difference in the profile, it is observed 
that the decrease of elevation with closely spaced folding toward Andimeshk city 
indicates the reduction of tectonic rates in the area. The profile shows that possibly 
the subduction stopped in high Zagros and transmitted to the Zagros Fold Belt which 
indicate that orogeny migrated to the south west of the Zagros. 
However, fi-om the net erosion rate analysis, it reveals that the erosion process in the 
study area is not only depended on the uplifting but also influenced by the resistance 
of rock types. In the present study, it has been seen that the Asmari limestone of 
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Oligocene age and Gachsaran Formation of Miocene-Eocene age, which were 
dominated by gypsum are more subjected to erosion processes during time. 
4-5- Discussions 
The river profile of the study area is predicted approaching a graded and step like 
profile, indicated that the area has been tectonically disturbed. An increase in SL 
values resulted as a sign of elevated tectonic activity. The study demonstrated the 
existence of active deformation in the Zagros Structural Belt, as indicated by: (1) 
sinuosity values close to one; (2) steeper gradients and higher relief in the z»ne of 
rapid rock uplift; and (3) low to moderate resistance to erosion in areas with low relief 
features. 
The erosion process in the study area is affected not only on by uplift but also by the 
differential resistance of rock types to erosion. In the present study, the Oligocene 
Asmari limestone and the Miocene-Eocene Gachsaran formation (dominated by 
gypsum) have been subjected to intensive erosion over time. Field data indicated that 
net erosion rates in the Sanandaj-Sirjan Zone is less than in the Zagros Fold Belt, and 
that the rate of uplift in the Zagros Fold Belt has been greater than in Sanandaj-Sirjan 
Zone over geologic time. 
Also on the basis of topographic profiles and the variation in peak elevation between 
the two lithotectonic zones, it is proved that the Zagros Structural Belt is deformed 
not only because of tectonic processes and uplift, but also that of high rate of erosion 
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generated high relief surface, rugged and immature topography. Hence, net erosion 
rates in the Zagros Fold Belt are lower than the rate of uplift, which can account for 
the more rugged and immature topography than in the Sanandaj Siijan Zone. The 
study also shows that net erosion rates varied fromlOm/m.y to about 162.5 m/m.y. 
The profile of the Dez River indicated that the most active tectonic zone faUs in 
folded Zagros, where stream gradient indices vary fi-om 806 meters to 165 meters. It 
is also apparent that the reduced gradient in the direction of the Dezful Embayment 
reduced the level of tectonic activity. 
The study of the profiles combined with a field visit show that net erosion rates in 
Sanandaj-Siijan Zone is less than the Zagros Fold Belt. It is also estimated that the 
rate of uplifting in Imbricate Zone and Zagros fold Belt is greater than the rate of 
uplifting in Sanandaj-Sirjan Zone during the geological time scale. Also on the basis 
of topographic profile the variation in peak of two lithotectonics show that the Zagros 
Structural Belt is affected by tectonic uplift, but also it is controlled by erosion of 
differential nature. Hence, the net erosion rate in the Zagros Fold Belt is lower than 
the rates of uplift as compared to Sanandaj-Sirjan Zone. Erosion is also responsible 
for changing the topography of the area therefore it has affected the drainage systems. 
The topography profiles of the study area indicated that folding and faulting have 
acted as main controlling fectors for flow direction of the streams. The faulting and 
fi-actures are responsible for the generation of trellis drainage patterns. 
A river profile of the study area is predicted to exhibit a graded profile, indicating that 
the area has been tectonically disturbed slowly, rather than rapidly. The results 
generated confirm the utility of the joint application of remote sensing analysis. 
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digital elevation modeling, and modem GIS techniques for studies in regional tectonic 
geomorphology. 
This study has interpreted the tectonic geomorphology of the Zagros Structural Belt 
with the help of a DEM, augmented by ground truth work in the field visit and 
GIS/remote sensing techniques. For the purpose of tectonic interpretation of the study 
area, different geomorphic maps in a GIS environment were produced. 
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5-1- General Statement 
The Zagros Structural Belt began to form about 70 m.y. ago, when the Tethys Ocean 
(precursor to today's Mediterranean) started to close as the African Plate moved 
northward agjunst the Eurasian sets of plates (I alcon 1^ )74). The orogeny climaxed in 
the late Cenozoic and is still active. 
Faults, folds and lineaments are the most common elements of structural features in 
the Zagros Structural Belt. Conventional geological mapping of structures like faults, 
folds and lineaments for structural analysis have provided useful information on 
structure and stress distribution in small area (Scott l'^ )i4, Bucherl920. Prince 1*^ )66. 
Friedman 1972, McQuillan 1973. Davis 1984. Simon ingeret al 2002). The advent of 
remote sensing and GIS capability with availability of good satellite images in 
different Electro Magnetic Radiation (EMR) bands have made synoptic viewing 
feasible for regional and global structural patterns which are expressed as faults, folds 
and lineaments. Photogeological techniques for structural studies have been carried 
out from different parts of the world ( Blanchet 1957, Lattnian 1'>5S, Harris et al 
19b0. Hamman 1961. Huntigton 1969, El-Etr 1974, McQuillan 1974. Babcock et al. 
1976. .\]\ 1982, Ramasvvamy 1985, Iqbaluddin and Ali 1986. Mukharjec 1988. Ali et 
al. 1989, Rangzan 1993, .Ali et al. 2003). 
Space imagery is well-suited to the recognition and interpretation of the types of 
distortions of layered strata that produce geological structures such as folds, faults and 
lineaments. Large faults and folds are easily recognized on satellite imagery as well as 
in outcrop level. The emphasis for the mapping of thrusts, faults, folds and lineaments 
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in the Zagros Structural Belt (i.e. Dezful-Brojerd ) was carried out considerably using 
Landsat ETM, 9-Nov.-2002 of bands 4-3-2 FCC (1 ly ^ !). The use of satellite 
imagery enable easy mapping and focus on a large area for structural interpretations. 
In addition to this, DEM of the study area was extracted within the GIS environment. 
Utility of DEM was to generate the 3-D of the Zagros Structural Belt and increase the 
accuracy of the interpretation on the image. 
The Zagros mountain belt is supposed to be the best exposed fold-thrust belts in Iran 
as well as in the worid. In this regards, little is known about the structures of the 
Zagros Structural Belt. The Zagros Structural Beh has undergone structural evolution 
in response to subduction followed by plate collision of the Arabian and Iranian 
plates. The initial collision resulted in development of thin skin tectonic in the 
supracrustals. The strain in the Zagros Structural Belt under this workout is expressed 
as folds, fauhs and lineaments. 
In the present study the selective ground verification of the structural elements was 
carried out to understand the structural behaviour and related movements. The 
purposes of this study are (J) to show the applicability of the remote sensing data in 
structural geological study (faults, folds and lineaments) in the Zagros structural Belt, 
(2) to produced different FCC images by several enhancement techniques for 
structural mapping, (3) to prepare updated structural map based on the remote 
sensing data interpretation, (4) capability of the GIS techniques in structural mapping 
of the Zagros Structural Belt. 
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5-2- Structural Mapping & Interpretation 
The study of the structural elements in the Zagros Structural Belt using remotely 
sensed data integrating with GIS techniques provide interesting result for 
interpretation of structural and tectonics. 
Faults, folds and lineaments interpreted from remotely sensed data are often used as 
indicator of major fractures in near surface (Juhan ami Ibrahim 1*^ )07). Many workers 
mapped and interpreted the structure of a region based on the information extracted 
from aerial photographs and satellite images. The benefits of using digitally processed 
satellite data for structural mapping and interpretation are carried out and shown by 
several workers such as Rowan et al. (1974); Siegel and Abram (1976), Blodget & 
Brown (1982), and Rotherv (1985). 
These mountains consist mainly of elongate folds, which arch upwards as anticlines 
and downwards as synclines. The anticlines here make up distinct landforms as high 
hills with central ridges that taper at either end (a condition referred to as a closed 
fold). 
Faults, folds and lineaments mapped in the field are registered on the satellite image 
and DEM viewed on the screen. High- resolution digital topography, spectral and 
spatial characteristics have guided for structural mapping. 
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5-2-1- Methodology 
Recently geologists are interested in tracing lineaments from satellite images. Faults, 
folds and lineaments can easily be traced on the image using different bands. Insofar, 
faults, folds and thrusts are digitally mapped on the basis of the photographic and 
geotechnical elements such as tone and vegetation respectively. Structural map is 
created using field data and input data. 
In order to represent the relationship between the topography and drainages patterns 
of the area with fauhs, folds and lineaments the topographic data viewed as a grey 
scale image (i ^2) is digitally extracted using ER-Mapper6.1 and ENVI 3.5 
softwares. This is the vector representation in GIS environment in which each vector 
recorded from the satellite image using remote sensing techniques. The raster image 
of study area is defined as a layer. The digitizing techniques of remote sensing and 
GIS provide the possibility to draw the structural features on the image. For this 
reason digital image processing is carried out. The lines represent the length, which 
can directly be measured in remote sensing and GIS software. These lines define a 
coverage in GIS environment for fiirther analysis. The advantage of this type of 
analysis is to measure the length of faults, lineaments and fold amplitude. 
Topographic data (Fig 5-2) provide an easy way to visualize the structure of the study 
area across the satellite images and field data. 
Based on ISO block division, the 3-D image of the study area was split into two, 
Dezfiil and Khurramabad blocks (Fig 5 3 and Fig 5-4). The Landsat-7 ETM-2002 
scene (Fig 5-1) covers part of the Zagros Mourtl^^ along the southwest of Iran. In 
- %' 
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this new work thrusts, faults and major lineaments and folds are overlaying on the 3-
D image of the study area for better understanding in structural and tectonic 
interpretation. 
Data processing and image products are carried following a number of processing 
techniques (Jensen. 19S6). The contrasts of sbc bands data are digitally enhanced. The 
images of all the bands are compared in terms of contrast and definition of structural 
features. As a result of visual evaluation, Landsat ETM band-4 data which record the 
information at the wavelength between 0.75- 0.90 micrometers were selected for this 
study, since it shows good contrast and display structural features like folds, faults 
and lineaments as compared to the other bands. 
To enhance the geological structural information further, filtering techniques such as 
Laplacian and directional convolution filters are applied to Band-4 Landsat ETM data. 
The result shows that the number of filters of the following values produced very 
good images enhancing the characteristics of folds, faults, lineaments and thrusts of 
the area. 
In this study different False Color Composites like the FCC 4-3-2 and FCC 7-4-1 are 
used for reorganization of folds, faults and lineaments on the images and generation 
of structural map (1 i ,^  - 5). 
The folds, faults and lineaments in the study area are seen through different 
enhancements and filtering on images and some are only seen in a directional filtered 
images. The reorganization of folds, faults and lineaments on the images are based on 
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vegetation linearity, tonal changes in the images, drainage pattern, topographic 
breaks, landscapes and discontinuity in the same lithology, tectonic landforms such as 
klippe, nappe, fenster and scarps. 
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Fig.5-1) Landsat ETM FCC 4-3-2 imagery-2002, ZSB SW-Iran 
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Fig. 5-2) DEM of the study area in the Zagros Structural Belt SW Iran shows the 
structural elements. 
>^??%;^ '%X^ -^ * ! ^>5 : ^ 
Fig. 5-3 ) 3-D of structural interpretation of Landsat ETM FCC 4-3-2 in Khorramabad Block 
of ZSB, SW Iran. Approximate Scale: 1:450,000. Field photograph at right side of the figure 
illustrates slickensided surface around Tang-e-5 to Tang-e-7 station and showing related 
movement along the fault plane 
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Fig. 5-4 ) 3-D of structural interpretation of Landsat ETM FCC 4-3-2 in Dezflil Block 
of ZSB, SW Iran. Approximate Scale - 1: 450,000 
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Fig. 5-5) Structural interpretation Map of ETM-2002 image, ZSB SW Iran 
5-2-1-1- Mosaic & 3-D Of The Area 
The mosaic of the two blocks namely Dezful and Khurramabad block was made. The 
DEM of the two blocks are made using ER-Mapper6.1 and ENVI 3.5 softwares by 
introducing the X, Y and Z attributes. For creating the 3-D of the study area ( . ^ • .^  
and I-iy. 5 ) two same coordinate system images are made from the landsat ETM-
2002. DEM of the Dezful and Khurramabad blocks are merged. For the extraction of 
the 3-D image, input parameters like vertical exaggeration, pixel size, image 
resolution and aggregate are introduced. 
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5-2-2-FoIds 
In the Zagros Stmctural Belt, where compression is high, complex folding occurs. 
Many anticlines and synclines are seen in the study area, which could be depicted by 
remotely sensed data. The folds in the Zagros Structural Beh follow convergent dip 
isogons (Raiiyzan I '^ *^^' i). The ground data and space imagery suggest that on the basis 
of close spaced in folding, they are classified as open and gentle fold. 
The folds in the study area exhibit periodic asymmetrical and symmetrical waves. The 
amplitudes of the fold reported from the Zagros are of the order of 1-10 Km and 5-20 
Km wavelengths (Falcon, 1974 ). The high compressional forces in the Zagros Fold 
Belt created complex folding styles (iiu5-12), seen in Tang-e-5 and Tang-e-7 
stationsirom the study area (Fig 5-3). 
In the present research work the field data calibrated with remotely sensed data show 
that the compression within the fold belt is manifested by a series of large, doubly-
plunging folds the verge to south-west. Overlaying the spatial data extracted through 
digital image processing from the ETM imagery FCC 4-3-2 , 2002 ((iu ^-1), on the 
DEM indicates that the central Zagros is exhibited close spaced folds and faults 
followed by the topography in the region. The spatial distribution of the axial traces of 
the structures like anticlinal folds and synclinal folds has been made under remote 
sensing interpretation and GIS techniques. 
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Fold wavelengths are on the order of 10 km with amplitudes of up to 2 to 3 km 
(Colman-Sadd l'^ )78). The field checks suggested that the amplitude of the folds 
started irom few centimeters for megascopic folds to over 700 meter for macro folds. 
Most of the folds in the study area have larger backlimb and shorter forelimb ( "• 
) like Shahkarami anticlinal fold near to Durood police station (i.e. about 4-5 km). 
The plunge of the folds is mostly towards NW-SE direction and also following the 
Main Zagros Thrust Fault. Therefore, folds and thrusts are the results of two opposite 
forces from Iranian and Arabian plates. 
Fig. 5-6) Field photograph showing asymmertical folds of the Zagros Fold Belt SW 
Iran. Location around Oliya village. 
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The field data as well as satellite data show that folds have got variable tightness in 
the eastern and western parts of the study area which reflects the responsible for the 
tectonic regimes as well as the cover sediments to the movement of the Arabian plate, 
synchronous with the opening of the Red sea ( Bei berian I ^)7b). 
In erosional point of view it has been realized that the folds are eroded and their 
physiography is controlled by variation in the resistance of different sedimentary 
strata and lithology. 
5-2-3- Thrust Faults and Major Lineaments 
Other features usually easy to recognize on space imagery are the faults. A fault is a 
fracture in the Earth's crust along which there has been some relative movement of 
two blocks of rock. This appears as some form of displacement or offset of once 
contiguous units. 
Faults in the Zagros Mountains are widely spaced along which there is relative sliding 
movement of the blocks. Most of the lithotectonic units have responded to crustal 
shortening by brittle failure. The important faults in the study area have been named 
after settlement features developed in the neighborhood of the failure surfaces. 
Fauhs in the study area are commonly: 1- thrust fault, 2- strike faults, 3- normal faults 
(1 iu.5-7) and 4- reverse faults (Fig 5-S). The thrust faults in the study area are Main 
Zagros Thrust, Razan Thrust, Hoor Thrust and Khorramabad Thrust, which are shown 
in Fimire 5-.i. 
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The development of thrust (Kiu 5-^ )) is seen in the various parts of the satellite image 
(Kiu 5-1) very easily. The directional correlation in the orientation of the major thrust 
and fold axes trending roughly NW-SE is suggested that the thrusting and folding are 
dynamically related to crustal shortening in the Zagros Structural Belt. It has been 
seen that the thrusting in the study area is across the Imbricate Zone and other parts of 
the Zagros, which are picked up in Landsat ETM image (i IL' :•- i). 
The thrusts mapped on the Landsat ETM images have been designated as the Main 
Zagros Thrust, Khorramabad Thrust, Hoor Thrust and Razan Thrust. The Main 
Zagros Thrust separates the Sanandaj-Sirjan Zone from the Imbricate Zone. 
The Khorramabad Thrust and Razan Thrust are southwestern extension of the Main 
Zagros Thrust, which separates the allochthonous lithotectonic units from the 
autochthonous lithologies. The Hoor Thrust is an imbricate thrust, which has resulted 
due to the piling up of the allochthonous lapel (turn) in Khorramabad klippen. 
An isolated erosional remnant of the Main Zagros Thrust sheet by erosion, like 
Khorramabad klippen, piled up to generate the Hoor thrust and many other small 
thrust faults. The other tectonic landforms such as fenster and scarp are evidences to 
prove the presence of thrust on the Landsat image as well as in the field. 
Razan Thrust appears on the Landsat ETM (FCC) as curvilinear trace with strike of 
the failure surface varying from 140° N to 280° N. The Razan Thrust possibjy 
represents the folded remnants of the Main Zagros Thrust whose physical continuity 
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with the Main Zagros Thrust has been punctuated by deep erosion, which has 
exhumed the "in situ" lithology and eroded the thrust in the Dareh Bidad window. 
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Fig.5-7) Normal fauU in Kashkan formation. 
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Fig. 5-8) Strike Fault in Kashkan formation of ZSB SW Iran, Reverse fault. Looking 
northeast. Location near Chalanchoolan police station. 
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Fig. 5-9) Development of thrust in north 25km khorramabad. Looking southeast. 
(Location illustrated in figure 5-1). 
The Khorramabad Thrust forms the southwestern limit of the Khorramabad klippen 
and the fault plane dips northeast. The Razan Thrust and Khorramabad Thrust (Fm .'^ -
' *) in southwest represent fault traces of the main Zagros thrust failure surface, whose 
physical continuity has been punctuated by the later pile along the Hoor Thrust. 
Hoor Thrust is developed as an imbricate structure, which has piled up the sediments 
in the Khorramabad klippen. The Hoor Thrust exists in the tectonic sequence and it 
indicates that to be younger than the Khorramabad Thrust. 
The structural mapping on the Landsat ETM imagery supported by field data shows 
that generally the trend direction of the thrust faults are about N 120° to N 140° 
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(I lu, >- iu). Generally the trends of the strike-slip faults vary from N 35° to N 89°. 
Where as Shahbazan strike-slip fault (Fiu 5-4) of Dezful block picked up from FCC 
imagery trends about 70° N. It has been seen that the two strike-slip faults near 
Khorramabad city follows the trend of N 77° and N 72°. 
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Fig . 5-10) Showing the general trend of the Zagros Mountains. 
Fig. 5-11) Aerial Photograph of the ZSB, SW Iran showing fault in the area. 
Email:moshaverl380@yahoo.co.uk 
Chapter 5 Mapping Structural Geology A.M.U 125 
The Asmari formation, which is the part of the Zagros mountains of south west Iran 
shows (I iu 5-1 \o) a sharp fault trace running NE-SW through the Gachsaran 
formation of the same belt. It is composed of folded sedimentary strata. The block of 
Gachsaran formation on the north side has shifted sub-horizontally to the west, the 
corresponding segment of mountains to the south. This is a type of strike-slip fault. 
On Landsat ETM-2002 image the faults in the study area are easy to identify because 
of topographic offset (as well as equivalent parts of the strata and sedimentary rock 
units) and displaced drainage. The aerial photograph also ( ) shows the fault in 
the area of the Zagros Ranges of the Zagros Fold Belt of Lorestan province, south 
west Iran. The fault here shows a small scarp or cliff. 
A lineament is defined as a large scale linear feature, which expresses itself in terms 
of topography of the underlying structural features. Qurashy and Hinz (1989) have 
defined lineament as a regional scale linear or curvilinear feature, pattern or changes 
in patterns that can be identified in a data set and attributed to a geological formation 
or structure. 
In this study structural features such as faults and major lineaments extracted using 
photographic and geotechnical elements as interpretational techniques of space image 
(Landsat-7 ETM, 2002, FCC 7-4-2) (1 m 1^). Lineaments are mapped and classified 
into three regimes on the basis of density (lineament density). 
1- The major lineament distribution in terms of high and low exhibit correlation 
with variable response of the Zagros Structural Belt supracrustal to the 
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compressional tectonics. The Zagros Fold Belt comprises high density of the 
major lineaments where closed spacing fold is generated. The area above the 
Shahbazan and Balarood faults (i ) shows high density of lineaments, 
which may be subjected by high stress and strain. 
2- Sanandaj-Sirjan Zone comprises older lithology than the Zagros Fold Belt. 
The structural map extracted from the satellite image shows lower density in 
lineaments than the Zagros Fold Belt. Foliation has been seen in the study 
area. This foliation is exhibited by schists. 
3- The southern part of the study area was also structurally mapped and it is seen 
that this zone also has low density in lineaments. This zone is coinciding with 
Molasse Cover Sequence which is less fractured and deformed as compared to 
the northern part of the Zagros Structural Belt. So it reveals that the area is 
not subjected to the compressional forces (Ala\i 1980. Blanc et al 2003) like 
the Zagros Fold Belt. 
The study shows that major lineaments commonly are opened up and enlarged by 
erosion. Some have even become small valleys. Ground water percolated into the 
fragmented rocks causing periodic dampness, which is observed in the field and 
interpreted through satellite data. Vegetation is well developed in this moisture-rich 
soil, which at certain times of year enhanced the linear features. 
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5-3- Dezful Embayment 
The Dezful embayment is in the southern part of the study area. In the Dezful 
embayment ( ) Petroleum is associated with detachment folds and faults, which 
are relatively widely spaced in some parts of the study area. A similar pattern of 
hydrocarbon can be seen in the Kirkuk (Iraq) (w \\ \" nj .i^ i inij^  .om ). 
The nature of folding and thrusting differs and is changed. These changes are seen in 
the Dezful embayment. Folds over here are mostly asymmetrical and thrust faults are 
clearly traceable. 
In the north west of the Dezful embayment massive Kabir-Kuh anticlinal fold which 
extends for over 120 Km along strike is a main fold of Lorestan Zagros Fold Belt. The 
folds are 'detachment-folds' that have decolled along the Gachsaran formation. The 
Middle and Upper Cretaceous sediments of the Dezful embayment form one of the 
richest petroleum systems in the Middle East, which consists of the Khazdumi source 
rock, the Sarvak reservoirs and the sealing Giupi shales (Frans et al 20u2). The 
sedimentation here is also affected by tectonism. 
The top of Sarvak and Ham formations show that the sedimentation is controlled by 
the tectonic relict topography. The Gurpi formation is also entirely controlled by the 
creation of the foreland basin (Frans et al 2002). 
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5-4-Evolution of a Fold Belt In the Zagros Structural Belt 
Some of the most striking landscapes on earth can be found in regions that have been 
folded by a collision between tectonic plates. The Zagros is a young (~5 million 
years) and still existing active fold and thrust belt. 
Zagros Structural Belt is a foreland portion (Ala\i i >80) of Zagros side orogeny in 
south west Iran, resulted from Alpine type continental collision between Arabia and 
Eurasia during Mesozoic and Cenozoic. In other words by the end of Cretaceous i.e. 
after the initial collision between the Arabian and Iranian plates, the present NW-SE 
trend of the Zagros deformation belt had been initiated (Sepelir et al ZW\). This fault 
zone is still a topographical front and coincides with the present zone of seismicity 
along the Zagros. 
Dynamically the tectonic acti\aties in a series of a period in the Zagros Structural Belt 
developed the complex folds, which are mainly symmetrical and asymmetrical in 
nature (iiu "^ -12). 
The anticlines (Fig 5-13) in kinematics are dominantly thrust related and are trending 
generally NW-SE in the study area, but changes to E-W in Lorestan. The Lorestan 
portion of the belt is located in transitional zone. 
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Fig. 5-12) Development of complex folds in the ZSB shows asymmetrical folds. 
Railway line, before Tang-5, SW, Iran 
Finally the Zagros follows the classical build up of a thrust belt with thin skin tectonic 
propagating in front of a thick skin deformation, which induces basement shift and 
large folded structures higher in the sedimentary pile (Jean et al. 2000). 
Fig. 5-13) Sardasht fold in theZFB. Location: north of Dezflil city 
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5-5-Structural Domain of the Sanandaj-Sirjan Zone 
The Sanandaj-Sirjan Zone is the metamorphic core of the Zagros orogen in south-
western Iran. It is formed in the Late Cretaceous, during closure of the Neo-Tethys, 
and when Afro-Arabian Continent collided with central Iran ( ) 
The Sanandaj-Sirjan Zone is located NE of the Main Zagros Thrust ( ). It was 
first recognized as a separate linear structural feature by . who named it 
as Sanandaj-Sirjan Range, later by . Sanandaj-Sirjan Structural Belt is 
separated from the Zagros Active Folded Belt by narrow zone (up to few km) of deep 
thrust and high angle reverse fault (Zagros Thrust Zone) (Ikib.iiaii I 76). All the 
metamorphic rocks of this belt were previously considered to be Precambrian in age 
and were termed basement outcrops ((.i.\.:<-.vi i""^  \ I i) (' ^^^7 Biai^ii Petroleuni 
;'*o4). Even f^a\ae^ and \!ci>ui'Lin ! ; '"" i considered the whole metamorphics of 
this belt as a stable block and the Hamadan-Sirjan a basement high of Precambrian 
age. 
Sanandaj-Sirjan Zone has been structurally deformed due to tectonic activities of 
Lower Cretaceous and Triassic. These activities have resulted in different structural 
features such as folding, faulting, lineation, foliation ( ), fracture and 
lineament features are the highlighted among them. 
The field visits show that the trend of fold axes are following by the same tectonic 
activities and compressional forces in Zagros Fold Belt, where trend is about 120" N. 
The compressional forces have resulted fractures, which also are followed by the 
Email:moshaverl 380@yahoo.co.uk 
Chapters Mapping Structural Geology A.M.U 131 
same tectonic process in the Zagros Structural Belt, and trend of conjugate fractures 
(\\\v\v.neic.usus.go\/neis/epic/epic html) domain evaluated as N30°E and S95*W 
( ^ ). 
Therefore it is suggested that the major distinguishing features of this zone (i.e. 
Sanandaj-Sirjan Zone) from Zagros Fold Belt are: 
A) The consistent Zagros Fold Belt 
B) Late Triassic as well as Tertiary granite and diorite intrusion, unknown in the 
Zagros Fold Belt, which is important in the Sanandaj-Sirjan Zone 
C) Completely different lithology of Zagros Fold Belt from Sanandaj-Sirjan Zone 
D) Sanandaj-Siijan Zone consists of smoother topography whereas the Zagros 
Fold Belt is rather rugged topography. 
5-5-1- Foliation 
Many term such as foliation (in Whitten !'^ >69), rock cleavage (Mead. 1940. Billings 
1987), fissility (X'aii Hise 1896, In Whitten 1969), flow cleavage, fracture cleavage 
(L.eith l'>2.^ ), axial plane cleavage (Ramsay 1967), slaty cleavage (DeSitter 1954), 
schistosity (Marker 1932) have been used in literature to describe planer tectonic 
anisotropy in tectonics. 
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The rock samples are collected in the field (I lu -^I i) and the thin section study 
indicates the planes of mechanical inhomogeneity that have been described under the 
general term foliation, which represent planer structures defined by the preferred 
orientation of component grains or fi-agments in deformed rocks and designated as 
"ZS" planes Depending upon their mutual cross-cutting and temporal relationships, 
the different "ZS" planes are designated as ZSO, ZSl, ZS2 and ZS3 in conformity to 
the norms of nomenclature where Z stands for Zagros. 
ZSl andZS2 Foliation: 
The thin section (I lu 5-1 ^) study indicated that the ZSl foliation in the Sanandaj-
Sirjan Zone is developed as slaty cleavage in which mechanical rotation, shearing and 
slip have been predominant over recrystallization. The bedding and foliation exhibit 
mutual cross-cutting relationship. In the Sanadaj -Siijan Zone it has been seen that the 
sheet minerals such as biotite and muscovite have been oriented parallel to the plane 
of the mechanical inhomogeneity and that is defined as ZSl foliation in the rocks. The 
location for this study was picked up around the Brojerd city. The thin section study 
shows that the first folds (ZFl) in the Sanandaj-Sirjan Zone have been coaxially 
refolded whose axial planes are defined as ZS2 foliation. Superimposed folds namely 
ZFl and ZF2 are coincident in the Sanandaj-Sirjan Zone (l i ), so the two planes 
of mechanical in homogeneity can be distinguished. 
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Fig.5-14) Schistosity with superimposed folding in the SSZ. Location 20 km NE of 
Brojerd. 
ZS3 foliation: 
Morphologically the ZS3 foliation in the Sanadaj-Sirjan Zone has the same expression 
as slip cleavage (White 1949) and (Brace 1953). The ZS3 foHation developed parallel 
to the axial planes of puckers (Fiu 5-16) for which ZSl foliation has acted as form 
surface in Sanandaj-Siijan Zone (F ig 5-16). The development of ZS3 foliation in the 
Sanandaj-Sirjan Zone has been controlled by the flexural movement due to layer 
parallel strain in the initial stages of deformation. 
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Fig.5-15) Photomicrograph and its facsimile exhibiting superimposed folding. Note 
the development of coaxial folds of ZFl and ZF2. Location in Sanandaj-Sirjan Zone 
around Brojerd city. 
Fig. 5-16) Photomicrograph and facsimile showing the development of 
links/puckers.Location in Sanandaj-Sirjan Zone around Brojerd city. 
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5-6- Discussions 
The combine methods used in the structural analysis indicate that the behavior of 
different lithotectonic units of the Zagros Structural Belt is not unique and uniform. It 
is seen that the tight folding and intensive faulting in the Imbricate Zone may indicate 
the intensity of the deformation at initial stage of tectonic collision which has 
generated several thrust fauhs parallel to the Main Zagros Thrust. The Zagros Fold 
Belt with large amplitude of folds and thrust faulting together is suggested that the 
long deformation of stress on folding generates thrust faulting, mostly in southern 
flank of fauhs. On the other hand the parallel mechanism of folding has resulted in 
differencing of fold styles in the surface and subsurface of the study area. 
Remote sensing and GIS techniques could be used successfully to extract the 
structural-geological information, generally in the Zagros Structural Belt south west 
Iran. The Landsat ETM (FCC) 4-3-2, 2002 (Im : i), and Landsat TM (FCC) 7-4-1, 
1991 are the best to enhance the structural features of the study area. 
This study shows that the contrast stretched of Landsat ETM band 4 was found to be 
the best in displaying the structural features on the image. The utility of the digital 
remote sensing data and GIS techniques confirm most of the previous structural map. 
In addition many other structural features could be depicted. The result of this type of 
study is useful to help further detailed geological mapping. 
The structural interpretation reveals that orientations of the lineaments in the study 
area have systematic meaning (i.e. parallel to sub parallel to the main trend or 
perpendicular to the main trend of Zagros), that in a region, joint planes may lie in 
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spatial positions having several limited directions relative to north and to horizontal. 
Studies on the Landsat ETM -2002, images combined with field visits indicated that 
the area is activated to exhibit faults and complex folds. This significant is seen by 
fresh slickensided surfaces ( ), high fracture density near Tang-e-5 and Tang-e-
7 ( ) station in the Zagros Fold Belt to prove the presence of 
related movements and structural features. The high density of the lineaments in the 
study area is expressed and guided to assess the intensity of deformation and tightness 
structures. It has been seen that the interesting features of the structural history of the 
Zagros Structural Belt, is variable tightness of the folds and faults in the eastern and 
western of the study area which reflects the response in tectonic regimes as well as the 
cover sediments to the movement of the Arabian plate, synchronous with the opening 
of the Red sea. It has also been seen that there is strain partitioning in the NE 
(Lorestan), between the right-lateral strike-slip and NE-SW compressional strain on 
the folds or thrusts, indicated by both the orientation of fold axes and fauh-plane. 
However, the density of the structural features depict that the south of the study area 
is less affected by tectonism as the other parts of the Zagros Structural Belt. It may be 
due to presence of thick evaporite sequence of Gachsaran Formation. 
Email:moshaverl380@yahoo.co.uk 
Chapter 6 Structural Analysis Of Conglomerates A.M.U 137 
' ~ ^ 10 
,&I/ /T7'1- •:-^ -" # i 
>. - . -.'-Sf,AC 
Structural Analysis 
Of The 
Conglomerates 
Email:moshaverl380@yahoo.co.uk 
Chapter 6 Structural Analysis Of Conglomerates A.M.U 138 
6-1- General Statement 
For better understanding the last and probably the final episode of deformation of 
Zagros Structural Belt in the south west of the study area, the conglomerate of the 
Bakhtiary formation is attempted under extension analysis for structural 
interpretation. The continuous deformation has caused the formation of large quantity 
of sediments in the form of cobble and pebble, which is lying down in front of 
northern uplands. 
The clastogenic assemblage of conglomerates and sandstone resting with an 
unconformity on the Aghajari sediments has been included under the Bakhtiary 
formation (Pilgrim 1908). The conglomerates are almost hard and resistant. The rocks 
of the Bakhtiary formation comprise conglomerate and grit (i ). Mina et 
al (1967) and Blanc el al (200.^ ) define the deformation across the Zagros intensified 
at about Miocene, based on the widespread appearance of coarse terrestrial clastic 
deposits (Bakhtiary formation), which were deposited concurrently with the growing 
folds. The disruptive nature of the fi^amework suggested deposition due to sudden loss 
of carrying capacity of the rivers, which drained the newly risen tectonic lands in 
fi-ont of the successor basin that received the elastics of Bakhtiary formation. The 
Bakhtiary formation is extensively developed in Pliocene age. This can be seen in 
some parts of the study area (i.e., north and north east of the Dezfiil city) (i . ). 
The composition of the Bakhtiary conglomerates ( M i ) is estimated by pebble and 
cobbles counts. Because some rock types yield larger cobbles and others smaller 
pebbles, counting does not yield the same results as methods based on point-count 
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(Donaldson et al. 1965). The pebbles, collected from study area are mainly dominated 
by calcareous materials with quartz, chert and some igneous and metamorphic 
grains(Fiu b-2). Calcareous type of the conglomerate seen in the study area called as 
calcareous conglomerate. No fossil has been reported from the Bakhtiary 
conglomerate formation. 
Conglomerates deposited in the Bakhtiary Formation of the Zagros Structural Belt are 
commonly bedded in some parts of the study area, with rather thick bedding units. 
Some pebbles lie with their longest dimensions parallel to the bedding. Cross bedding 
is rare. The elastics of this conglomerate are poor to moderately sorted (1 ig 6-1) and 
the cementing of matrix is apparently poor to moderate. 
Fig. 6-1) Arrangement of the pebbles in Bakhtiary conglomerates. 
Size of the pen is 13 cm. 
As discussed earlier that the deformation due to tectora'c activitj^and the response of 
supracrustal is not uniform throughout the Zagros. It is also exhibited that the 
southern part of t\\fi study area has undergone lesser deformation compared to the 
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northern part. To verify this achievement the pebbles from Bakhtiary formation was 
collected for strain analysis. 
Typically, three sectors ( I) in the study area are chosen for collecting the 
samples. Sector-1: Upland areas, which have shed these elastics to southern low land, 
Sector-2. Balarood station. In this sector change in shape and orientation of the 
pebble were seen with respect to the upland and initial position. Sector-3: Dez dam. 
The samples show changes in shape and orientation with respect to both (i.e. sector 1 
and sector 2). 
However, the study is carried out for the strain analysis following various methods 
such as (1) Rfil^ hi method, (2) GeoFryplot method and (3) Flinn and Ramsay plot 
methods for the conglomerates of Bakhtiary formation in the Zagros Structural Belt. 
6-2- Strain Analysis 
Strain is the deformation caused by stress and may be dilation (change in volume) or 
distortion (change in form) or both (liillinus 1078). Pebbles of deformed 
conglomerate are considered as one of the best strain markers from which finite strain 
can be measured, but there are some constrains regarding the initial shape of the 
pebble (Sarma etal. 2001). 
Many of the current techniques for geological strain analysis have developed from 
early studies of deformed conglomerates (Treagus et al 2002). For example the first 
quantitative three-dimensional study of a deformed conglomerate was Flinn's analysis 
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of Funzie conglomerate of Shetland (Flinn 1956) and later by Hossack (1968), Burns 
and Spry (1969) and Gay (1969). It was largely assumed that the ellipsoidal shape of 
the comglomerate clasts reflected the strain, as if the clasts were initially spherical. 
Ramsay (1967) and Ramsay and Huber (1983) provided comprehensive reviews of 
methods in the analysis of strain in conglomerates. 
Generally the methods used for the strain analysis are Rf-Phi, Fry method, Flinn plot 
and Ramsay plot, making use of axial ratio and orientations of the pebbles in several 
planner sections of a conglomerate outcrop, either from measurements in the field or 
from photographs. The samples were collected mainly from areas where planner or 
linear fabrics are present in the rock body. 
The strain ellipse is described in terms of the two principal strains, which correspond 
to the semi-major and semi-minor axes of the strain ellipse (Ramsay 1967, Means 
1976, Rowland et al. 1994). Basically it is assumed that the effect of any primary 
pebbles inherited during the deposition. River-deposited pebbles are commonly 
oriented with their long-axes normal to flow direction and display upstream 
imbrication. Parallel to the tectonic activities in the study area, the whole rock body 
from the selected regions indicates that the orientation of the pebbles are parallel to 
flow, and shows due to increasing of flow intensity which responsible to favour 
orientation is with kmg^xes parallel to current flow of the pebbles in conglomerate of 
Bakhtiary Formation, 
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Photographs from different locations were taken and scanned (I ig(>-I I'v; 1 iu b-2), 
where X-axis, Y-axis and Z-axis are measured. The samples were also collected from 
field and measured the X, Y and Z axes, where X>Y>Z. 
6-2-1-Rf / (p Method Analysis 
It is one of the easiest methods for determining the amount of total strain. The Rf / cp 
method of strain analysis involves measuring the long and short axes of the markers. 
The ratio between these axes is the Rf and the orientation of the major axis is Phi( 9 ). 
Rf / (p analysis has its basis in the concept of passive deformation of initially elliptical 
objects, and so this method does not require the assumptions that the pebbles were 
initially spherical, and thus circularity in section (Ramsay 1967, Dunnte 1969, 
Treagus 2002). 
Rf / (p analysis is used for measuring clast strain (Fig 6-.1). The Bakhtiary 
conglomerates are almost made up of clasts (1 ig 6-2), so the strain is measured using 
formula Rf / cp which might be thought to yield a good approximation to the bulk 
whole-rock strain. But generally the strain is determined by Rf7(p of pebbles in 
conglomerates are only partial measure of whole-rock strain. 
The measurements of long and short axes and the orientation of the long axis (9) of 
the pebbles are given in Tabic (6-1). 
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Table 6-1) Statistical measurements of the pebble 
S.No 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
Major X cm 
long 
0.4 
0.5 
0.7 
0.5 
0.4 
0.9 
0.6 
0.5 
0.5 
0.6 
0.6 
0.5 
0.5 
0.3 
0.4 
0.3 
0.25 
0.4 
0.4 
8 
8 
9 
8 
9 
8 
6 
7 
1.1 
0.5 
0.5 
0.4 
0.5 
Minor Y cm 
short 
0.2 
0.3 
0.3 
0.2 
0.15 
0.4 
0.3 
0.3 
0.3 
0.2 
0.3 
0.3 
0.3 
0.2 
0.3 
0.2 
0.2 
0.2 
0.2 
3 
4 
3 
3 
3 
3 
3 
4.5 
0.5 
0.2 
0.3 
0.2 
0.3 
Phi angle 
Degree 
30 
45 
15 
28 
22 
36 
21 
43 
15 
30 
18 
43 
-85 
-35 
^5 
-50 
-55 
-48 
-9 
20 
13 
33 
10 
34 
11 
50 
37 
26 
70 
25 
19 
30 
XA' 
2 
1.67 
2.34 
2.5 
2.67 
2.25 
2 
1.67 
1.66 
3 
2 
1.67 
1.67 
1.5 
1.33 
1.5 
1.25 
2 
2 
2.67 
2 
3 
2.67 
3 
2.67 
2 
1.5 
2.2 
2.5 
1.67 
2 
1.67 
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Continue 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
0.6 
0.7 
0.7 
0.6 
0.5 
1 
0.4 
0.3 
0.9 
1 
0.8 
0.6 
0.9 
1 
Mcan=1.85 
0.4 
0.3 
0.3 
0.2 
0.3 
0.5 
0.2 
0.22 
0.6 
0.5 
0.3 
0.3 
0.4 
0.5 
Mean=0.84 
35 
20 
37 
32 
77 
-25 
-20 
-18 
-60 
-22 
-10 
24 
26 
-25 
1.5 
2.33 
2.33 
3 
1.66 
2 
2 
1.36 
2.33 
2 
2.67 
2 
2.25 
2 
(1.85 * 0.84)1/2 = 1.24 = LP 
8=1.85/1.24=1.49 (Major) 
S= 0.84/1.24= 0.677 (Afinor) 
£=1.85-1.24/1.24=0.49 (Maior) 
Fig.6-2) Pebbles indicate orientation and long axis direction with respect to the 
original line (i.e.North). Size of the pen is 13.5cm 
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Fig.6-3) i?/7(jj plot of the pebbles 
6-2-2-Fry's plot Method 
GeoFry Plots (Rod Holcombe) performs strain analysis using the method (Ramsay 
1967, Fry 1973, Hunna and Fry 1979, Ghosh 1993) with initial consideration that 
pebbles maintain isotropism and uniform distribution laws. They developed a method 
of determining two-dimensional geological strain by measuring center-to-center of the 
objects ( Twiss and Moores 1992). Generally the assumption is that, in the 
undeformed rock, object centers are roughly the same distance apart in all directions. 
After deformation, distances are relatively extended in the direction of the strain 
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ellipse long axis and shortened in the direction of the short axis. Ramsay suggested 
measuring the distances from each particle center to the center of its nearest 
neighbour and plotting these data on a length versus direction graph. Measurement of 
center-to-center joins that do not pass through other objects (instead of nearest 
neighbour joins) works in limited circumstances where particle outlines are clearly 
visible and particles deform homogeneously with their matrix. However, these 
conditions are restrictive, a better solution was discovered by 1 i \ (1' '7 i). 
To determine the axial ratio (long axis and short axis) of the pebbles and strain 
analysis, the GeoFryplot data software (vv\v\\ scienceiiror^y is used. The field data 
photographs calibrated to statistical parameters measured ( i . ! - -1) from hand 
specimen and were introduced to the GeoFryplot data software. Data can be either 
read in form of an ascii file (as pairs of x, y coordinates) or could be digitized directly 
into the data window using the mouse. Bitmap images to be digitized could be loaded 
into the data window from file. Fryplots (I v^ -u) were displayed in a separate 
GeoFryPlot window ([ iud-?) within which a best-fit strain ellipse to the plot can be 
constructed using the mouse to indicate the ends of the major and minor axes. In other 
words the deformed pebbles of elliptical in shape are selected from whole of the 
image. Each center of the pebbles is recorded as a point by clicking in the center of 
the selected pebble with the help of mouse. A vacant area or hole is observed about 
the origin. Then tried to fit ellipse from the center of the GeoFryplot window ( ; > 
1 ig (>7 and 1 lu C'-S) with respect to the reference line (i.e. geographically-north) on 
the image photograph. 
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For this method the following assumptions were taken into account: 1- depositional 
processes, 2- flow intensity, 3-flow direction and 4- tectonic processes. The centre of 
the GeoFryplot window (I lu (-f^ ) is 0,0 and the units and scales are the same as the 
DataPlot window. The only time that these units need be used is when (optionally) 
defining the ends of the major and minor best-fit ellipse axes in an external data file. 
Interpretation of Fry 'splot 
The GeoFryplot method shows that: I) the axial ratio of the two axes is 2.27 where 
angle of reference line is 49 degrees (i ), H) the axial ratio of the two axes is 
2.57, where angle of reference line is 38 degrees ( ), III) the axial ratio of the 
two axes is 2.40 where angle of reference line is 45 degrees ( ) and IV) the 
axial ratio of the two axes is 2.11 where angle of reference line is 45 degrees (1 iu f^-
*>). The vacant ellipse area in central region of Fry's map is parallel to sub parallel to 
the longest axes of the conglomerates of the Bakhtiary formation. The rotational 
behaviour is indicated by Phi angle, which varies fi"om 38 to 45 degrees. This reveals 
that the axial ratio is approximately same as determined in Rf-phi method (T .^hle 6-3). 
The axial ratio of the axes in both the methods are approximately similar with of R= 
1.33 to 3 with an average 2.202 in Rf / Phi method and 2.11 to 2.57 with an average 
of 2.33 in Fryplot method. It reveals that the pebbles of Bakhtiary formation show 
small to moderate strain. 
6-2-3-Fliiin and Ramsay Plot Method 
Another method to analyze the strain magnitude of the conglomerates is Flinn and 
Ramsay plot method. The three principal axes (X, Y and Z) of the pebbles are 
Email:moshaverl380@yahoo.co.uk 
Chapter 6 Structural Analysis Of Conglomerates A.M.U 148 
measured with the help of slide clipers in the field. The length of principal axes are 
divided by two to obtain the semi-axis length of the pebbles. Parameters E 
(extension) and S (stretch) of pebbles are calculated following Ranisax I >67 Means 
I >^76). They are as follows: 
£ =(Lf-LO)/LO 
S = Lf/L0 = (l+8) 
Where, Lf is the final length 
LO is the original length, e is extension 
The ratio of the principal elongation A/B and B/C for each pebble was also plotted in 
the Flinn graph (1 IL; -4) using strain calculator software (vvwxveiirth uyecjujm/). 
Unlike the Flinn diagram program written by Zimmerman (1996) for Macintosh 
computers, which needs the user to take his clipboard data of only the plotted points 
and paste into another application like SuperPaintTM, Claris MacPaintTM or 
CanvasTM for formatting and labeling and "Clean-up" these programs are not 
required to be taken to any other application for later complete annotation. The values 
of strain ratio (Rs) shows XA^=1.33 to 3, Y/Z=1.22 to 3, and X/Z=1.67-6 for Flinn 
plot (labie ^-;). The strain magnitude of 0.375 to 1.248 ( r i v ) shows small 
strain in the region applied in the conglomerate of the Bakhtiary formation, fi^om 
Ramsay plot method and Ramsay diagram (F if u- ^ ) ( Rodax, 2003). 
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The ratio of the Log X/Y and Log Y/Z is plotted as ordinate against abscissa as shown 
in Flinn diagram (I ly (-4). It has been seen that the K values vary in the Bakhtiary 
conglomerates from the study area. In this plot (i; J ( -I) majority of the pebbles fall in 
the constriction type where K > 1 and very few plots fall in the flattening type where 
K < 1 and also very few plots fall on the plane strain type (K=l) which is oriented at 
angle of 45 degrees. The constriction transforms original sphere into a prolate strain 
ellipsoid. 
1 -
• 
Log. 
n 
• , • I * > . « •• 
r -, ^ > . y ..< 
. " • < ' -. . • / " • ' 
t *• ^ V ( ^ - • 
'. - '. Fled of constriction 
.\ \ ' /, Plane $hain / / 
-• '. • * . • • ; : / ' . ' .' \- . ' . ' , 
V " H p / - ^ . ' Field of flattening 
• m / • ' • * •• • 
^ *, * i n ^ I . .". • .-I . 
. < \ • • . • • . . ' • . • -
Log Z A ' 1 
Fig. 6-4) Plots of pebbles shape from Flirm plot method. The Bakhtiary Conglomerate 
ZSB SW, Iran. Location north east Dezfiil city. 
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Fig. 6-5 ) Plots of pebbles shape from Ramsay plot method 
Table 6-2) Statistical Parameters Computed From The Measured Structural Elements 
Of The Deformed Pebbles In Bakhtiary Conglomerates Of The Zagros Structural Belt 
SW-Iran 
S.NO. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
X(cm) 
0.4 
0.5 
0.7 
0.5 
0.4 
0.9 
0.6 
0.5 
0.5 
0.6 
0.6 
0.5 
0.5 
0.3 
Y(ciii) 
0.2 
0.3 
0.3 
0.2 
0.15 
0.4 
0.3 
0.3 
0.3 
0.2 
0.3 
0.3 
0.3 
0.2 
Z(cm) 
0.1 
0.2 
0.21 
0.15 
0.09 
0.2 
0.15 
0.1 
0.2 
0.1 
0.15 
0.1 
0.2 
0.1 
X/Y 
Flinn 
Plot(cin) 
2 
1.67 
2.33 
2.5 
2.66 
2.25 
2 
1.66 
1.67 
3 
2 
1.66 
1.66 
1.5 
Y/Z 
Flinn 
PIot(cm) 
2 
1.5 
1.42 
1.33 
1.67 
2 
2 
3 
1.5 
2 
2 
3 
1.5 
2 
x/z 
Flinn 
PIot(cni) 
4 
2.5 
3.35 
3.33 
4.44 
4.5 
4 
5 
2.5 
6 
4 
5 
2.5 
3 
LogX/Y 
Ramsay 
Plot 
0.3 
0.22 
0.37 
0.4 
0.43 
0.35 
0.3 
0.22 
0.22 
0.48 
0.3 
0.22 
0.22 
0.18 
LogY/Z 
Ramsay 
Plot 
-0.3 
-0.18 
-0.15 
-0.12 
-0.22 
-0.3 
-0.3 
-0.48 
-0.18 
-0.3 
-0.3 
-0.48 
-0.18 
-0.3 
K 
Ramsay 
Plot 
1 
1.33 
3.21 
4.5 
2.5 
1.25 
1 
0.33 
1.33 
2 
1 
0.33 
1.33 
0.5 
Strain 
Magnitude 
Ramsay 
Plot 
0.98 
0.649 
0.878 
0.889 
1.072 
1.065 
0.98 
1.163 
0.649 
1.298 
0.98 
1.163 
0.649 
0.786 
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15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
0.4 
0.3 
0.25 
0.4 
0.4 
8 
8 
9 
8 
9 
S 
6 
7 
1.1 
0.5 
0.5 
0.4 
0.5 
0.6 
0.7 
0.7 
0.6 
0.5 
1 
0.4 
0.3 
0.9 
1 
0.8 
0.6 
0.9 
0.3 
0.2 
0.2 
0.2 
0.2 
3 
4 
3 
3 
3 
3 
3 
4.5 
0.5 
0.2 
0.3 
0.2 
0.3 
0.4 
0.3 
0.3 
0.2 
0.3 
0.5 
0.2 
0.22 
0.6 
0.5 
0.3 
0.3 
0.4 
0.1 
0.16 
0.1 
0.15 
0.1 
1.5 
1.8 
1.7 
2 
2 
1.3 
1.2 
3 
0.3 
0.1 
0.2 
0.1 
0.18 
0.2 
0.2 
0.18 
0.1 
0.22 
0J2 
0.1 
0.18 
0.42 
0.27 
0.16 
0.22 
0.21 
1.33 
1.5 
1.25 
2 
2 
2.66 
2 
3 
2.67 
3 
2.67 
2 
1.5 
2.2 
2.5 
1.67 
2 
1.67 
1.5 
2.33 
2.33 
3 
1.66 
2 
2 
1.36 
2.33 
2 
2.67 
2 
2.25 
3 
1.25 
2 
1.25 
2 
2 
2.22 
1.76 
1.5 
1.5 
2.31 
2.5 
1.5 
1.67 
2 
1.5 
2 
1.67 
2 
1.5 
1.67 
2 
1.36 
1.56 
2 
1.22 
1.43 
1.85 
1.88 
1.36 
1.9 
4 
1.88 
2.5 
2.5 
4 
5.33 
4.44 
5.22 
4 
4.5 
6.13 
5 
2.33 
3.67 
5 
2.5 
4 
2.78 
3 
3.5 
3.89 
6 
2.27 
3.12 
4 
1.67 
2.14 
3.7 
5 
2.73 
4.29 
0.12 
0.18 
0.1 
0.3 
0.3 
0.43 
0.3 
0.48 
0.43 
0.48 
0.43 
0.3 
0.19 
0.34 
0.4 
0.22 
0.3 
0.22 
0.18 
0.37 
0.37 
0.48 
0.22 
0.3 
0.3 
0.3 
0.18 
0.3 
0.43 
0.3 
0.35 
-0.48 
-O.I 
-0.3 
-0.1 
-0.3 
-0.3 
-0.35 
-0.25 
-0.18 
-0.18 
-0.36 
•0.4 
-0.18 
-0.22 
-0.3 
•0.18 
-0.3 
-0.22 
-0.3 
-0.18 
-0.22 
-0.3 
-0.13 
-0.19 
-0.3 
-0.9 
-0.15 
-0.27 
-0.27 
-0.13 
-0.28 
0.17 
2 
0.25 
4 
1 
1.67 
0.82 
2.62 
3.33 
4 
1.27 
0.67 
1.11 
1.8 
1.5 
1.33 
1 
1 
0.5 
2.67 
2 
2 
1.83 
1.78 
1 
1.64 
1.17 
1.17 
1.9 
2.75 
1.38 
1.035 
0.451 
0.676 
0.376 
0.98 
1.189 
1.056 
1.198 
1.008 
1.101 
1.101 
1.142 
0.599 
0.926 
1.142 
0.649 
0.98 
0.722 
0.786 
0.904 
0.97 
1.278 
0.586 
0.812 
0.98 
0.368 
0.539 
0.926 
1.147 
0.726 
1.031 
Where K= 1+el / l+e2 / l+e2 / l+e3 
l+el=A 
l+e2=B 
l+e3=C 
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6-3- Discussions 
The basis of the Rfi'Phi method is to recognize the final shape and orientation of the 
ellipsoidal pebble in the deformed rocks are the products of the original shape and 
orientation in the undeformed rocks and the shape and orientation of the finite strain 
ellipsoid to which the undeformed rock was subjected (Da\i.s and fle\iK>ld^  1^ ''^  ). 
The long axes of the pebbles has almost oriented in NE-SW ( ) with respect to 
reference line ( ). The study shows that the tectonic 
activity in Bakhtiary conglomerates formation is less than the other parts of the study 
area in the Zagros Structural Belt ( ). 
The present strain analysis shows shape and orientation of the pebbles during Pliocene 
to Recent are influenced by initial pebble shape, initial orientation, behaviour of the 
deposition during the time, direction of past flow, mineralogy and force activities to 
the body. The field data shows that cobbles and pebbles of conglomerates in the 
Bakhtiary formation of the Zagros Structural Belt have slightly been deformed and 
exhibited some features that changed in length. 1:1 > has given the comparative 
analysis of the strain in the Bakhtiary conglomerates of the Zagros Structural Belt. 
Based on the study of conglomerate pebbles on their plots in the Flinn graph indicates 
a slightly scattered behaviour in the field of constriction to flattening types. The K 
value has been worked out as 2 (mean value) and the computer ratio of X, Y and Z is 
established as 1.85, 0.84 and 2.02 respectively. 
Email:moshaverl380@yahoo.co.uk 
Chapter 6 Structural Analysis Of Conglomerates A.M.U 153 
The stretching (X) direction of the pebbles coincides neither with the axis of the folds 
on the outcrop scale nor the trend of the regional foliation. This indicates that the 
weaker deformation was followed by rotation (Phi angle) during subsequent phases of 
deformation. Non-parallelism of the ellipses with reference to surface ZSl on the 
Fry's plot is another supporting evidence for the rotational movement during 
progressive deformation. 
Table 6-3) Comparative methods for strain analysis of Bakhtiary conglomerates, 
ZSB- SW Iran 
Type of Analysis Method Type 
Field data and Field data and 
whole rock from whole rock from 
field photograph field photograph 
Partially 
measuredfor 
whole rock from 
field photograph 
Field day^ and Z 
measurement 
from field across 
photograph. 
Using Strain 
calculator 
I software 
Field data and 
measurement 
i from field across 
photograph, 
I Using strain 
I analysis software 
Rf/Phi Method 
Flinn plot 
Ramsay Plot 
Section 
XY 
XY 
XYZ 
XYZ 
Axial ratio(cm) 
2.11-2.57 
1.33-3 
X/Y= 1.33-3 
Y/Z=l.22-3, 
X/Z= 1.67-6 
LogX/Y=0.12-
0.48 
LogY/Z=-0.12to 
-0.9 
Result 
Small to Moderate 
strain.. Maximum 
elongation was 
toward north and . 
northeast 
Small to Moderate 
strain.. 
Maximum 
elongation was 
toward north and 
northeast 
(1.85*0.84)1/2 
= 1.24 = LO ! 
S= 1.85 / 1 
1.24=1.49 (Major) 
8=0.84/1.24= ; 
0.677 (Mmor) ! 
• 
£=1.85-1.24/ 
1.24= 0.49 
(Major) 
Normal strain 
applied to deform 
the pebbles 
K=l to 4, 
Strain \ 
magnitude=0.375 
to 1.248 shows 
small strain in the 
region applied in 
the Bakhtiary 
Conglomerate 
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Fig. 6-6) Graphical plot showing strain markers for XY planes of the Bakhtiary 
conglomerate in the Zagros Structural Belt. Location north of Dezfiil city 
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Fig.6-7) Graphical plot showing strain markers for XY planes of the Bakhtiary 
conglomerate in the Zagros Structural Belt. Location Dez dam 
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Fig. 6-8) Graphical plot showing strain markers for XY planes of the Bakhtiary 
conglomerate in the Zagros Structural Belt. Location around 40km north west of 
Andimeshk 
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Fig.6-9) Graphical plot showing strain markers for XY planes of the Bakhtiary 
conglomerate in the Zagros Structural Belt. Location north of Dezful city. Location 
north east of Dez dam 
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7-1- Conclusion 
The study formed the Ph.D program of the author with topic "f sc (>f Ri'imKc Sensini; 
and (US techin>lt>;^y to interpret stritctitral and tectonUs <ij ZUI^TOS Mmindiin Hell. 
S.W-Iran" ^Om r •''•i:y K;\-ri!i^eM- (JfA!i>:<.:-h Mi<^<:-:: •' ;:--'^:r.w'- '-^ \'.i-: , - ' • • W>. 
-.-V. The review to Zagros Structural Belt, tectonic geomorphology and structural 
geology were studied and created a datasets. The brief account of their concurrence 
and synthesis has been presented herein. This thesis uses various approaches such as 
observation of satellite images, field investigations and interpretations, GIS analysis 
to constrain structural and tectonic of the Zagros Structural Beh. 
The study of the Zagros Structural Belt was carried out in a key sector (Dezflil-
Khorramabad-Brojerd) using satellite images (Landsat TM -1991 and Landsat ETM-
2002) (! ablc-7-i) in Path No. 166 and Row No. 037, with different FCC data in an 
attempt to correlate tectonic evolution with the geomorphology and structure of the 
area. Remote sensing and GIS techniques show the capability to extract the structural-
geological and tectonic information, creating different maps and generation of 
database, generally from the Zagros Structural Belt south west Iran. 
Table-?-1) Images metadata of the study area 
Location 
Detector 
Band used in analysis 
Acquisition date 
Image pixel size 
Zagros Structural Belt(ZSB), SW-Iran 
LANDSAT-TM,LANDSAT-ETM 
1,2,3,4,5,6,? 
19910630(TM), 20021109(ETM) 
28.5m 
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The Iranian region represents a con:q)lex geo-tectonic system between the Eurasian 
and Arabian plates. The major geo-tectonic divisions of the Iranian region for the 
study area within the Zagros Structural Belt, under the present work have been 
defined as Sanandaj-Sirjan Zone, Imbricate Zone, Zagros Fold Belt and Molasse 
Cover Sequence which are characterized by distinct geological and tectonic 
signatures. The Imbricate Zone developed as subduction related negative tectonic 
topogr£Q)hy during the Cretaceous. The deformation of the Imbricate Zone started in 
Eocene and continued up to the Miocene. 
The Zagros morphogeny (Khaleed 2002) is the morphotectonic expressions of the 
Alpine-Himalayan subduction cycle and collision expressed by tectonics of Iranian 
and Arabian plates. The opening of the Red sea has led to the closing of the foreland 
basins (Berberian 1973). This process started development of high mountains during 
4-5 Ma in the Zagros Structural Belt. The tectonics that has controlled the opening of 
the Red sea resulted in the accompanying vertical tectonics 1 mm/year in Zagros. The 
present day landscape and topogr^hy in the Zagros Structural Belt has been 
developed as a result of erosional cycle and vertical tectonics. The net erosion rates 
have been calculated imder this research work, which vary from 13.76 m/my to 
162.52 m/my. 
The use of remote sensing and GIS techniques show a powerful tool for the study of 
structural and tectonic of Zagros Mountains. An integrated approach of remote 
sensing and GIS technologies provides better opportunities not only for geological 
mapping, but also for geological interpretation and implementation of earth science 
programs in difficult terrains with greater accuracy and in a cost-effective manner. 
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Figure 7-1 depicts the various steps undertaken to build up the geo-database for the 
present work. The flowchart (i i.; " i) also shows how the geo-database is being 
currently used for various earth science programs. 
Field studies suggested that south-westward advance of the Zagros front has been 
recorded by syn-sedimentary structures. These structures indicate that deformation 
due to tectonic activities and changes in topography started as early as end of Eocene 
in northeast of Zagros Folded Belt and progressively to the southwest. Most of the 
structures such as faults and folds are formed in Hologene time, so the Zagros 
Structural Belt can be named as an active zone. It can be interpreted by fresh 
shckensided surface around Tang-e-5 to Tang-e-7 station and showing related 
movement along the feuh plane (1 ly "^  0-
From geological prospective, the name of the Zagros Structural Belt is given 
to the group of Sanandaj-Sirjan Zone, Imbricate Zone, Zagros Fold Belt, Molasse 
Cover Sequence and their geological account has been presented. Stratigraphically the 
area represents more or less continuous sequence from Cambrian to Recent. The 
nomenclature followed by Geological Survey of Iran and other workers in Iran has 
been largely adopted in the present work. The query spatial analysis of the digital 
geological map within the GIS environment shows that the area is dominated mostly 
by Asmari and Gachsaran formations. The growth of anticlines in the study area was 
coeval with deposition of shallow marine sediments of Early-Middle NCocene 
Gachsaran and Mishan formations in the foreland basin (Ala\ i 1 *580) is now fiirther 
toward southwest. The Larh-Middle Miocene marine thiough. in turn, was uiMifted 
when the deforniation migrated through the Gachsaran and Mishan formations m the 
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Middle-Late Miocene. This study reveals that the most dramatic phase of the Zagros 
orogeny in the folded zone was when marls and sandstone of Aghajari and lower 
Bakhtiary were buried by massive conglomerates of upper Bakhtiary deposited across 
the whole width of the folded zone at end of Pliocene. Post-end Pliocene 
conglomerates of the upper Bakhtiary Formation overlay older formations, 
conformably in front of the deformation front and unconformably over the rest of the 
belt to northeast. The upper Bakhtiary fontKition was folded right across the zone 
(Falcon 1974) during the Mid-Pleistocene orogenic phase (Pedrami 1987). The 
nature of folding and thrusting differ from Sanandaj-Siijan Zone to the Molasse Cover 
Sequence and may be changed. These changes are seen in the Dezful embayment 
around the Dez dam. Folds over here are mostly asymmetrical and thrust faults are 
clearly traceable. The Dezfiil embayment is the best oqwsed for the oil in the area. 
The distribution of landslide prone localities within the study area in the 
Zagros Fold Belt indicate that their occurrence is not only dependent upon slope and 
moisture saturation but also to a large extent depend on the density of the fracture 
system of the rock units and lithology. However, the study shows the usefiilness of 
DEM and modem techniques for rapid evaluation of stability and saturation zone 
mapping. 
Morphotectonically drainage patterns, sinuosity, stream-gradient, SL-slope, 
drainage density, relief features and landform characteristics are good indicator of 
morphotectonic units in the Zagros Structural Belt. It is observed in the area that 
landscape is young and the information collected indicate immature and 
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Fig. 7-1) Flowchart depicting the method, use of remote sensing and GIS in structural 
and tectonic interpretation of the ZSB, SW Iran 
Remote sensing data, 
LandsatTM-1991, 
LandsatETM-2002 
Exifdng topogr^cal, 
mmphi^ogical, geological, structural, 
data maps and tables 
I^eld survey data, 
Phologr^hs,FUms,GP 
S GiDuod control 
DIP, FCC, 
Enhancements, 
Filtering 
Georeference 
Digiti2ation 
Interpolation of topographic 
contours and elevation points 
using TIN method 
Image interpretation 
using photographic 
and geotechnic^ 
elements 
k 
Tracing stnicnual 
iSsatuies, M a i ^ g 
using ER-M£q:^r 
software 
\ 
I t ^ t o G I S 
mvironments 
3-D model of 
the stwfy area 
MbdiJSed geological, 
structural maps 
DEM dbtained by PO, ER-
mapper, Arcview, Rivertools 
softwares 
i. 
Afli^^ofikainage 
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tectonic interpretation using 
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selected area in ZSB using 
Arcview 
- • Calibration data -4-
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Emsdl.moshaver 13 80@yahoo.co.uk 
Chapter? Conclusion A.M.U162 
rugged topography which is dynamic state in the Zagros Structural Belt as compared 
to Sanandaj-Sirjan Zone started in sharp contact to the high Zagros at Chalanchoolan 
station, 25 km SE of Brojerd city. 
The morphotectonic expressions of the present day tectonic activities in the Zagros is 
documented by the development of anomalous drainage, compressed meanders, 
cuestas and hogbacks, structural features, erosional hills, valleys and changes in 
landscapes. 
Structurally the Zagros Structural Belt is result of tectonic activities from Late 
Cretaceous to Recent (Ali et al 2003). The major structural element is defined as 
follows: 
A) The formation of folds in the area at different times caused the changes of the 
fold axes, which ultimately acted as faults. 
B) The structural features of the Zagros Structural Belt have been evolved by 
tectonics in the initial stages followed by layer parallel shortening during the 
final stage in response to collision of the Iranian and Arabian plates. 
This study shows that the contrast stretching of ETM band 4 was found to be the best 
in displaying the structural features on the image. The utility of the digital remote 
sensing data and GIS techniques could confirm most of the previous structural map 
and in addition many other structural features could be depicted. The result of this 
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type of study might be useful to help further detailed 
geological mapping. 
The strain analysis of conglomerates of the Bakhtiary formation in the Zagros 
Structural Belt was studied to know the final episode of the deformation. The 
comparative methods studied for the strain analysis is indicated that the maximum 
elongation is toward north and northeast. Strain magnitude of 0.375 to 1.248 shows 
that small strain was applied in the region. The stretching (X) direction of the pebbles 
coincides neither with the axis of the folds on the outcrop scale nor the trend of the 
regional foliation. This indicates that the weaker deformation was followed by 
rotation (Phi angle) during subsequent phases of deformation. Non-parallelism of the 
ellipses with reference to surface ZSl on the Fry's plot is another supporting evidence 
for the rotational movement during progressive deformation. 
The GIS was an essential component for the current work of the Zagros Structural 
Belt, south west Iran. Data manipulation, visualizations, and integrated, 
interpretations, previously time consuming or impossible, are quick and easy using 
this technology. This allows faster, more accurate analysis, and better-quality, high 
accessible, end products. The spatial analysis was carried out in following types: A) 
queries, B) measurements, C) transformation, D) descriptive/ scatterplot. The results 
that have been created under this research work are important to continue infra-
structure, engineering geology, geology, river engineering and other related subject. 
Three types of coverage are also found for this work in the GIS environment: 1- those 
that contain interpretable structural and tectonic data, 2- those that do not, and 3-
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those that are interpretations of data. The coverage that does not contain structural and 
tectonic data of the Zgaros Structural Belt is mainly of the data location type. 
However, remote sensing and GIS technologies are gradually proving to be valuable 
tools for creating and developing earth science information, structural and tectonics of 
the Zagros Structural Belt. Remote sensing and GIS technologies are currently being 
used by 90 percent of upstream earth science departments across asset teams 
worldwide (Zolnai 2002). 
It has also been seen that how GIS approach eases data archiving, map generation and 
also provides interpretational possibilities not available with more traditional mapping 
procedures. The GIS in this study is used to generate various geological horizons like 
tectonic and geomorphological maps. This study implements the power of GIS to 
make eflfective use of digital terrain data with remotely sensed data and thus to 
analyze data. However, the complete of datasets of the structural and tectonic of 
Zagros Structural Belt made under this study in GIS environment and make eases 
users to provide information. 
Finally, this work can be used for diflFerent purposes in many organizations such as 
TOI for study of natural hazard, construction of tunnel etc. It also may be used for 
study of drainage basin morphometry in Iranian Water Power Energy Plant 
Organization and many other organizations such as Geological Survey of Iran and 
Mine Organization of Iran. The study also can be worked in oil companies in Iran. 
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List of major Localities of Iran 
Location 
Ahwaz 
Andimeshk 
Arak 
Astara 
Avaj 
Bam 
Bampoor 
Bandarabbas 
Bojnoord 
Dogonbadan 
Gonbad 
Hamadan 
Esfahan 
Jam 
Kerman 
K^mansha 
^Churramabad 
^lurramshahr 
Ml^hahd 
Lat. 
31M8"0" 
32° 26' 6 
34° 05' 5" 
38° 46' 1" 
35°36'1" 
28° 23' 6" 
27° 12 '1" 
27° 11'3" 
37° 27' 9" 
30° 20' 4" 
34° 20' 0" 
34° 48* 3" 
32° 38' 7" 
35° 14' 7" 
30° 18' 3" 
34° 19' T 
33° 25' T 
30°28'5J^ 
36° 18^7" 
Long. 
48° 40' 3" 
48° 24' 4" 
49°4'12" 
48° 52' 2" 
49° 14' 4" 
58° 07' 9" 
60° 25' 8" 
56° 17'5" 
57° 19' 6" 
50° 49' 0" 
58°41'0" 
48° 30'3" 
51°39'1" 
60° 37' 5" 
57° 05' 2" 
47° 04' 8" 
48° 16' 5" 
4&° 10' 0" 
S9° 35' 3" 
Location 
Mianeh 
Noshahr 
Qazvin 
Qom 
Sabzevar 
Sanandaj 
Sari 
Semnan 
Shahrood 
Shiraz 
Tabriz 
Tehran 
Yazd 
Zahedan 
Zanjan 
Lat. 
37° 25' 3" ' 
36° 39' 0" 
36° 16'0" 
34° 39' 1" 
36° 11'8" 
35° 19' 3" 
36° 33' 9" 
35° 33' 9" 
36° 23' 5" 
29° 37' 3" 
38° 03' 8" 
35° 44' 2" 
31° 59'5" 
29° 29' 2" 
36° 40' 8" 
Lon2. 
47° 42' 4" 
55°31'0" 
55°31'0" 
50° 52' 2" 
57° 42' 3" 
47° 00' 9" 
53° o r 2" 
53° 23' 8" 
54° 56 2" 
52° 34' 0" 
46° 18' 0" 
51° 22'9" 
54° 23' 5" 
60° 52' 3" 
48° 2'3 0" 
Email.moshaverl380@yahoo.co.uk 165 
References A. M. U166 
References & Web Sites 
1- Ali Syed Ahmad, 1982, Photogeology and geomorphology of Parsoli-Bichor syncline, 
Chitrogarh District. Rajasthan, India. Unpublished M.Phil. Dissertation, A.M.U.India,67p 
2- Ali Syed Ahmad, 1988, Morphometric analysis of the Hij-unal river basin at Rishkesh, 
Garhwal Hunalayas, india. Proceeding 9* Asian conference on remote sensing Bangkok, 
Thailand, B-9-1 to B-9-8 
3- Ali Syed Ahmad, L.A.K.Rao, 1989, Digital Image processing of Landsat MSS data for 
identifying geomorphic, lithological and structural featurres in Rishikesh-Satj of Garhwal 
Himalayas. Proceeding 10* Asian conference of remote sensing, Kulaumpur, Malaysia, PP: 
PI2-ltoP-12-5 
4- Ali Syed Ahmad, 2000, Trend Surface analysis Of Microlineament in Parsoli-Bichor area 
of Vindhyan Basin, Rajastan, Inida, Indian Jour., Petroleum Geol., Vol. 9, No.2, PP: 37-48 
5- Ali Syed Ahmad, 2001, Landform and lineament studies in pats of Jhansi area, UP. -An 
Application of remote sensing, Indian Jour., Petroleum Geol., Vol. 11, No.2, PP: 77-87 
6- Ali -Syed Ahmad, Kazem Rangzan, .\i!a/ I'misivn, 2003, Remote Sensing and GK study 
of tectonics and net erosion rates in the Zagros Strcutural Belt, southwestern Iran, Mapping 
sciences and Remote Sensing Journal. USA, Volume. 40, Number.4, PP:253-262 
7- Ali Syed Ahamad, Kazem Rangzan, saal I'misU'h, 2003, Use of digital elevation model 
for study of drainage morphometry and identification stability and saturation zones in 
relations to landslide assessments in parts of the Shahbazan area, SW Iran, Cartography 
Journal. Australia, Vol.32, No.2, PP:69-73 
Email:moshaverl380@yahoo.co.uk 
References A.M.U167 
8- Alavi, M., 1980, Tectonostratigraphic evolution of Zagros sides of Iran, Geology, Vol. 8., 
PP: 144-149 
9- Asudeh, I., 1982, Seismic structure of Iran from surface and body wave data. Geophysics 
Journal. R. Astron. Society, 71, PP:356-370 
10- Badgly, P.C, 1965, Structural and Tectonic principles. Published by Harper and Row, 
New York 
11- Banisadr, M., 1969, The seismicity of Iran (1900-1969), D.I.C. Thesis, Imperial College, 
London, and Tech. Research standard Bur., Plan Org., Iran, 1, 1971 
12- Barzangi, M., 1989, Continental collision zones: Sciesmotectonics and crustal structure. 
In the encyclopedia of solid Earth geophysics, Edited by D.E.James, Van nostrand, Rienold, 
NewYork,PP: 58-75 
13- Berberian, M.,1972, Two important deformational and metamorphic phases in the belt 
northeast of the Zagros Thrust line (Iran). Geological Survey of Iran, Petrological 
deptartment. Int. rep., PP:1- 13 
14- Berberian, M., 1973, Two important deformational and metamorphic phases in the belt 
northeast of the Zagros Thrust line (Iran). A brief structural review of Sanandaj-Sirjan Belt. 
Geological Survey of Iran, Number. 27,PP:1- 35. 
15- Berberian, 1976, Geological survey of Iran, Tectonics and Seismotectonic section, PP.53-
100 
Email:moshaverl380@yahoo.co.uk 
References A.M.U 168 
16- Berberian, M., 1976, Contribution to the sedimotectonics of Iran II, Repprt. Geological 
Survey of Iran, 39,516P. 
17- Berberian, M. and King, G.C.P., 1981, Toward a paleaogeography and tectonic evolution 
of Iran. Canadaian Journal, Earth Science, Volume. 18 
18- Berberian, M.(1995) master "blind" thrust faults hidden under the Zagros Folds: active 
basement and surface morphotectonics. Tectonophysics, 241,PP: 193-224 
19- Bemhardsen Tor, 1999, Geographic Information Systems An Introduction, Second 
edition, Asplan Viak, Arendal, Norway, John Wiley and Sons, Inc., New York, PP:85-89, 
270-276 
20- Blanchet, P.H., 1957, development of fracture analysis as exploration methods.American 
Asociation Of petroleum. Geology Bulletin,. Volume.41, Number.8, PP: 1748-1759 
21- Blanc, E.J.P., Allen M.B., Inger S. and Hassani H., 2003, Structural styles in the Zagros 
Simple Folded Zone, Iran, Journal of the Geological Scoiety, London, Volume. 160, PP:401-
412 Printed in Great Britian 
22- Billings P. Marland, Structural Geology, 1987, Third edition. Harvard university, USA, 
255p 
23- Biswas S.K., 1987, regional tectonic framework, structure and evolution of the western 
marginal basins of India. Tectonophysics, 135,PP: 307-327 
Email :moshaver 13 80@yahoo. CO. uk 
References A.M.U169 
24- Blodget H. W. and Brown, G.F., 1982, Geological mapping by use of computer enhanced 
imagery in western Saudi Arabia. U.S. Geolog>' Survey Professional Paper 1153 (Washington 
D.C.U.S.Printing Office). PP: 1-10 
25- Bird, P., 1978, Finite element modelling of Lithosphere deformation: the Zagros collision 
orogeny. Tectonophysics, 50, PP:703-736 
26- Birkeljind, P.W., 1990, Soil-Geomorpholic research; a selective overview: 
Geomorphology, Volume.3, PP:207-224 
27- Brace, W.F., 1953, The geology of Rutland area, vermont.Vt.Geology Survey. Bulletin, 6 
28- Bucher, W.H., 1920, The mechanical interpretation of Joints. Journal Geolology, Volume. 
28, PP: 707-730 
29- Bull,W.B., and Mcfadden, L.D., 1977, Tectonic Geomorphology north and south of the 
Garlock Fault, California, in Doehring, D.O., ed., Geomorphology in arid regions: 
Binghairrton, N.Y., State University of New York at Binghamton, PP:115-138 
30- BurbanJi Douglas W., and Robert S. Anderson, 2001, Tectonic Geomprphology 
,Department. of Geosciences, The pennsyvaiua State universit\', PP.80-198 
31- Cohnan-Sadd, S.P.(1978) Fold development in Zagros Simply Folded Belt, southwest, 
Iran. Bulletin American Association of Petroleum Geologist, 62,PP:984-1003 
32-Cox, r.T., 1994, analysis of drainage basin symmetry as a rapid technique to identify areas 
of possible Quaternary tilt-block tectonics: an example from the Mississippi embayment: 
Geological society of America Bulletin, Volume. 104, PP.571-581 
Email:moshaverl380@yahoo.co.uk 
References A.M.U170 
33- Dangermond, Jack, and Freedman, Coral (1987), Introduction to GIS technology, 
NCGA'S mapping and GIS '87 Proceeding , National Computer Graphics Association, 
Washington, DC.PP:32-44 
34- Darvishzadeh A, 1992, Geology of Iran, PP.191-210 
35- Davis, G.H. 1984, Structural geology of rocks and regions. John Wiley and Sons New 
York, USA 
36- Davis, G.H.,and Rejuolds, S.J., 1996, Structural Geolog} of rocks and regions. Second 
Edition. John Wiley and Sons New York, USA,776p 
37- Dehghani, G.A., and Markis, J., 1983, The gravity' field and crustal structure of Iran. 
Geodynamic project report (Geotraverse) in Iran., Edited by vala. Madelat. Published by 
Geology Survey of Iran. Report number. 51, PP:51-68 
38- De Sitter, L.U., 1956, structural geology. Mc grow Hill 
* 
39- Dogen Seber, david Steer, Eric Sandvol, Carrie Brindisi and Muawia Barzangi, 2000, 
Design and ddevelopment of information system for the geoscience: An application to the 
Middle East, Institute for the study of the continents and Department of Geology, Science., 
Cornell university, Ithaca, New York 
40- Donaldson, J.A., and Ojakangas, R.W., 1974, Orthquartzite pebble in Archean 
conglomerate, northwestern Ontorio, Amar. Association Petroleum, geology. Society. Econ. 
Palao. Min.Ann.mtgs.Abstract, Volume. 1, PP.26-27 
41- Dunnet,D., 1969, A techniques of finite strain analysis using elliptical particles. 
Tectonophysics, V.7 (2), PP: 117-136 
Email:moshaverl380@yahoo.co.uk 
References A.M.U171 
42- Edmond,J.M., 1992, Himalayan tectonics, weathering processes, and the strontium 
isotope record in marine limestone:Science, Volume.258, PP: 1594-1597 
43- EI-Etr, H.A., Abdullah, A.M., and Abdul Rahman, M.., 1974, Dike disttribution in 
southern part of Gulf of Suez region, Egypt 
44- Falcon , N.L., 1974, An out hne of the geolog>- of the Iranian Makran. Geographical 
Journal, 140 (2), PP.284-291 
45- Fhnn, D., 1956, On the deformation of the Funzie Conglomerate, Fetlar, Shetlzmd. Journal 
of geology 64, PP: 480-505 
46- Frans S. van Buchem, Fabrice Gaumet, Darius Baghbani, Reza Ashrafzadeh, Hossein 
Assilian, and Forooz Keyvani;2002, Middle and Upper Cretaceous Sedimentation Patterns in 
the Dezful Embayment, SW Iran 
47- Friedman, M., 1961, distribution between dune beach and river sands from their textural 
characteristics. Journal Sedimentary Petrology, Volume.31, PP: 461-492 
48- Fry , N., 1979 , Random point distributions and strain measurement in rocks. 
Technophysics 60, PP.89-105 
49- Gansser,A., 1955, New aspects of geology in Central Iran, 4* world petroleum Congress, 
Proceeding, Rome, Section. I/A/5, paper 2, PP: 279-300 
50- Gay, N.C., 1969, The analysis of strain in the Barberton Mountain Land, Eastern 
Transvaal, using deformed pebble. Tectonophysics 5, PP: 295-302 
Email:moshaverl380@yahoo.co.uk 
References A.M.U172 
51- Geise, P., Markis, J., B., Rower, P., Letz, H. zoA Mostanpour, M. 1983, Seismic cnistal 
studies in southern Iran., report No. 51 Edited by Vala, Mdelat. Published by Geology Survey 
of Iran 
52- Ghosh, S.K., 1993, Structural geolog\: Fundamentals and modem developments. 
Pergamon press,: 598p 
53- Grahem Brew and Muavia Barzangi, 2000, tectonic map and geologic evoluation of Syria 
: The role of GIS , Cornell universit>', Ithaca, New York, U.S. 
53- Gotenberg, B., Richter, C.F., 1954, Seismicity of the earth and associated phenomena. 
Princeton university press, (2'" ), Princeton, New Jersey 
54- Grapes,R., and Wellman,H., 1988, The wairarapa fault, Victoria University of 
Wellington, PP.54 
55- Harker A., 1932, Metamorphism., Methun&Co. Ltd. London 
56- Hanna, S.S., and Fry, N., 1979, A comparison of methods of strain determination in rocks 
from SW Dyfed (Penbrokeshire) and adjacent area. Jour. Struc. Geol. Vol. 1, PP: 155-162 
57- Haynes,S.J., and McQuillan,H., 1974, Evoluation of Zagros suture zone, southern Iran, 
Geology Society American Bulletin, 85, PP:739-747 
58- Hessami Khaleed, 2002, Tectonic history and present-day deformation in the Zagros 
Fold-Thrust Belt, Comprehensive summaries of Uppsala dissertations from the faculty of 
science and technology 700, Acta University,Upsaliensis, Uppsala 
Email:moshaver 13 80@yahoo.co.uk 
References A.M.U173 
59- Hossack J.R., 1968, Pebble deformation and thrusting in the Bygdin area (southern 
Norway). Tectonophysics 5, PP: 315-339 
60- Horton, R.E, 1945, Erosional development of streams and their drainage basin, hydro-
physical approach to quantitative morphology, Geol. Soc. Am. Bull. 56, PP: 275-370 
61- Iqbaiuddin, and Ali, S.A., 1986, Photogeophysical approch to stress analysis in cratonic 
basin-An example from Vindhyan basin, Rajasthan, India. Proceeding of the seventh Asian 
conference on remote sensing, Seoul, Korrea.PP: P.E-6-1 to E-6-13 
62- Iqbaiuddin and Rangzan.K, 1998, Jour. Indian Association of Sedimentologists, 
Volume. 17, Number. I, PP. 1-11 
63- Jackson, J., 1996 The structural evaluation of active fault and folds system in central 
Otago, New Zealand: evidence revealed by drainage patterns: Journal of structural geology. 
Volume. 18, PP.217-234. 
64- Jackson, J. and Mckenzie, D., 1984, Active tectonics of Alpine-Himalayan belt between 
western Turkey and Pakistan. Geophysics Journal, Roy.Astr.Society,77, PP: 185-264. 
65- Jalah.M, 1986, Stratigraphy of Zagros, PP. 16-36 
66- Jana, M.M., 2002, Application of Remote sensing in the study of Geomorphic processes 
and Landform in piedmont zone of Darjeeling Sub-Himalaya, Vol.30, No. 1 and 2, march and 
June, PP: 61-72 
Email:moshaverl380@yahoo.co.uk 
References A.M.U174 
67- Jean Letouzey', S. Sherkati^ Jean Marie Mengus', H Motiei^ M. Ehsani^, A. Ahmadnia^ 
and J.L. Rudkiewicz"*., 2000, A Regional Structural Interpretation of the Zagros Mountain 
Belt in Northern Pars and High Zagros (SW Iran) 
68- James GA.&Wynd J.G., 1965, Stratigraphy nomenclature of the Iranian oil consortium 
agreement area, AAPG Bulletine., 49.PP:2182-2245 
69- Jensen, J. R., 1986 Jntroductor>' digital image processing- a remote senisng perspective ( 
Englewood Cliffs, New Jersey Prentice Hall), 379p 
70- Juhari Mat Akhir , Ibrahim Abdullah, 1997, Geological Application of Landsat Themetic 
Mapper imagery: Mapping and Analysing of lineaments in NW Penisula Malaysia, 
\\A\\\ .gisdcvclopmcnt.net/aars/1997/, PP:I-7 
71- Keller,EA., 1986, Investigation of active tectonics: use of surficial earth processes. 
Active Tectonics: Washington, D.C., National Academy press, PP: 136-147 
72- Klein and Dennis H.(1988), User expectations for selecting amicrocomputer based 
municipal automated Mapping/ Land Information System, GIS/LIS;88 proceedings-Vol.2 
PP:550 
73- Lattman, H., Lawrence, H. and Srgoviaantonia, V., 1961, Analysis of fi-acture trace 
pattern of Adaka and Kagalaska Island. Bulletine. American Associaion Petroleum, 
Geology,Volume. 45(2), PP.2449-2463 
74- Longley Paul A., Michael F. Goodchild, Daivid J. Maghire, Daivid W. Rhind, 2001, 
Geographic Information System and science. University college London, UK, PP;328-334 
Eniail:moshaverl380@yahoo.co.uk 
References A.M.U 175 
75- Lees, G.M. and Falcon, N.L., 1952, The geographic history of the mesopotamian plains. 
Geography Journal, Volume! 18 ,PP.24-39 
76- Leith, C.K., 1923, Structural geolog>'. Rev.Ed., holt, Rinehart & winston Inc. 
77- Mackenzie, D., 1972, Active tectonics of Mediterranean region. Geophysics Journal., R. 
Astr. Society. 30. 
78- Mahajan A.K., and Virdi N.S., 2002, Sand blows and other secondary- effects induced by 
the January 26, 2001 Bhuj earthquake. Natural hazards and their mitigation journal. Bulletin 
of the Indian geologists Association, 35(2):PP:1-10 
79- Mazumder N., 1983, Landslides in Arunachal Pradesh in proceedings of symposium on 
geology Jind mineral resources of Northeastern Himalayas, 28*-30* May 1976, Shillong. GSI 
MISC.Pub.No.43, PP: 46-50 
80- McQuillan, H., 1973, Small scale fracture density in Asmari formation of SW Iran and its 
relation to bed thickness and structure setting. Bulletin, American Association. Volume. 57, 
No. 12, PP: 2367-2385 
81- Mead, W.J., 1940, folding , rock flowage and foliate structures . Journal. Geology, 
Volume.48 
82- Means, W.D.1976, Stress and Strain: Springers-Verlag,New York, PP: 339 
83- Medwedeff,D.A., 1992, Geometry and kinematics of an active, laterally propogarting 
weded thrust, wheeler ridge, California, in Mitra, A., and fisher, G.W., eds., structural 
geology of fold and thrust belts: Baltimore, Johns Hopkings University press, PP.3-28. 
Email: moshaver 13 80@yahoo. co. uk 
References A.M.U 176 
84- Merland P. Billings, 1978, Structural geology, third edition, PP.18 
85- Mina P., Razaghani M.T & Paran,Y., 1976, Geological and Geophysical studies and 
exploratory' drilling of the Iranian continental shelf-Persian Gulf In: proceeding of the 7"" 
world petroleum congress, Mexico, Elsvier, PP: 871-903 
86- Miliaresis, G.Ch., 2000, The DEM to Mountains, transformation of Zagros Ranges, 
Remote Sensing Labrotary Dept. of Surveying engineering , National technical University 
Athens 
87- Mohajjjel M.and M.R.Sahandi, 1998, Tectonic evoluation of Sanandaj-Siijan Zone, Earth 
Science Journal of Iran, PP: 28-35 
88- Mukharjee, T.K.and Savanur, R.V., 1988, Microcomputer aided lineaments analysis of 
Son-Mahanadi coal basin, Central India from LANDSAT data, photonirvachak. Journal of 
Indian Society of remote sensing, Volxune.l6, Number. 1 
89- Nabavi, M.S.,1972, Siesmicity of Iran. M.Phil. Thesis, University, London, 273p. 
90- Niazi, M. 1968, Fault rupture in the Iranian (dasht-e-Bayaz) earthquake, Aug. 1968, 
nature 220(5167), PP:569-570 
91- Niazi, M., 1975, Regional tectonics and structural trends in Eastern Iran. Geodynamics of 
south-west Asia, Tehran Symp., 8-15 Sep.,Geol. Surv Iran (abst) 
92- Nowroozi, A.A., 1971, Seismo-tectonic of Persian Plateau, eastern Turkey, Caucasus and 
Hindu-Kush regions. Bull. Seism. Soc. Am. 61, (2),PP: 317-341 
Email:moshaverl380@yahoo.co.uk 
References A.M.U177 
93- Oberlander, T., 1965, The Zagros stream, Syracuse geog. Series 1, Syracuse university 
press, P. 164-168 
94- Pedrami, M., 1987, Qatemar>' stratigraphy of Iran. Geological Survey of Iran., Number. 1, 
PP:536(Farsi) 
95- Pinet, P.,and Souriau, M,m 1988, Continental erosion and large-scale relief tectonics, 
Volume.7, PP.563-582. 
96- Pilgrim, G.E., 1908, the geolog\' of the persian Gulf and the adjoining portions of Persia 
and Arabia. Mem.Geological Surve>' of India, Volume. 34, Pt.4, PP:l-77 
97- Ptrasich Saicci, 2000, Application of Ronote Sensii^ for the study of drainage 
morphometry of Babar Nalas in parts of Bhopal, A.P, India, .Dept.,Geol., Aligarh Muslim 
University, Aligarh, India, M.Sc project(unpublished). 
98- Pimsieh Sacul, Rangzan K., Ali S.A., 2002, DEM for Shahbazan station in parts of Alwar 
section of Andimeshk city to study drainage morphometry and to identify stability and 
saturation zone (Zagros Belt SW Iran), National Seminar on coastal and off-shore 
sedimentary basins and their resource potential, XIX convention of Indian Association of 
Sedimentologists, PP;39 (abst.) 
99- Qurashi, M.N. and Hinze, W.J (1989), workshop overview, proc.joint indus-us workshop 
on regional Geophysical lineament- their tectonic and economic significants, Mem. 
Geological Society, Ind., Banglore, number. 12, PP: 3-10 
100- Ramsay, J.G.,1967, Fold and fi-acturing of rocks.New York, Mc.grow Hill., 568p 
Email:moshaverl380(^yahoo.co.uk 
References A.M.U178 
101- Ramsay.J.G., Hubber.M.,1983, the techniques of mcxiem structural geology, Volume.2, 
Folds and fractures, Acacamic press, London, PP:110-112 
102- Ramsay.J.G., Hubber.M.,1987, The techniques of modem structural geology, Volume.2, 
Folds and fractures, Acacamic press, London,700p 
103- Ramswamy, S.M., 1985, Kinematic model for the exoluation of Ramgarh Dome, 
Vindhyan basin Rajasthan. A stud> Aided by Remote Sensing , Thesis submitted to the 
Andhra University for the Ph.D 
104- Rangzan, K., 1993, Structure and tectonics of the Zagros Belt, Iran, Aligarh Muslim 
University-India, Unpublished Ph.D thesis 
105- Rangzan,K. and Iqbaluddin, 1998, Sedimentation as guide to tectonic setting of Aghajari 
formation, Zagros Structural Belt, SW Iran, Jour. Indian Association of Sedimentologists, 
Volume. 17, Number. 1, PP. 1-11 
106- Roday, P.P, 2003, Windows 32-bit plateform software for plots to display the finite 
strain data. Jour. Gteol. Soci. India, Vol. 62, PP: 36-42 
107- Rothery D.A., 1985, Interactive processing of satellite images for geological 
interpretation -a case study. Geological Magazine, 122.PP: 57-63 
108- Rowan L.C.,Wetlaufer, A.F., Goetz, A.F., Billingslej, F.C and Stewart, J., 1974. 
Discrimination of rock types and detection of hydrothermally altered areas in south-centeral 
Nevada by the used of computer- enhanced ERTS images. US. Geological. Survey 
professional Paper 833, 35p 
Email:moshaverl380@yahoo.co.uk 
References A.M.U 179 
109- Sam Boggs Jr, 1987 , Principle of sedimentology and stratigraphy, university of 
Oregon, PP: 132-133 
110- Sarma K.P., Ahmad M., Goswami T.K., 2001, Strain analysis of the Nongkhya 
conglomerate of Meghalaya, Indian mineral Journal, Volume.55, No. 3&4, PP.227-236 
111- Sattarzadeh, Y., CosGrove, J.W.&Vita-Finzi, C.2000, The interplay of faulting and 
folding during the evoluation of the Zagros. In; Cosgrove, J.W.& Ameen. M.S. (eds) Forced 
Folds and Fractures. Geological Society. London, special publication, 169, PP: 187-196 
112- Sepehr M., J. W. Cosgrove, and M. P. Coward., 2001, The Major Fault Zones 
controlling the Sedimentation, Deformation and Entrapment of Hydrocarbon in the Zagros 
Fold-Thrust Belt, Iran, www niattc mit cdii 
113- Scott, I.D.,1914, The spacing of fracture systems and its influence on the relief of the 
land: Gerlands Bitr. Geophysic,Volume. 13, PP:163-181, PP: 242-260 
114- Shaw, J.H., and Suppe, J., 1994, Active faulting and growth folding in the eastern Sana 
Barbara^Channel, California: Geological society Bulletin, Volume. 106, PP.607-626. 
115- Siegal B.S. and Abrams M.J., 1976, Geological mapping using Landsat data 
photogrammetric Engineering and remote sensing, 42, PP: 325-327 
116- Simon Inger, Mark Allen, Eric Blanc, Hossein Hassani, Morteza Talebian, and James 
Jackson,2002, Regional- to reservoir-scale Tectonic Evolution of the Zagros Orogenic Belt, 
PP. 1-6 
Eniail:moshaverl380@yahoo.co.uk 
References A.M.U180 
117- Small, E.E., and Anderson, R.A., 1998, Pleistocene relief production in Laramide 
mountain ranges, western united states: Geology, Volume.2, PP. 123-136 
Snow, R.S., and Slingerland, R.L., 1987, Mathematical modeling of graded river profile: 
Journal of Geology, Volume.95, PP.15-33 
118- Stephen M. Rowland, Ernest M. Dueberdorfer, 1994, Structural Analysis and synthesis, 
A laboratory course in structural geologj', second edition, 178p 
119- Stocklin J., and Steudehnia, 1977, Stratigraphy Lexicon of Iran. Report No. 18, 2"'' 
edition, published by Geological Survey of Iran 
120- Strahler, A.N., 1952, Hypsometric (area- altitude ) analysis of erosional topography, 
Geol. Soc., Am. Bull.63: PP: 1117-1147 
121- Susan H.Treagus and Jack E. Treagus, 2002, Studies of strain and rheology of 
conglomerates. Department of Earth Sciences, Un. Of Manchester, UK. Journal, of Structural 
Geology, PP:1541-1567 
122- Takin,M.,1971, Geological history and tectonics of Iran-a discussion of continental drift 
in the middle Eeist since the Early Mesazoic. Geology Survey of Iran, 235, PP: 147-150(1972, 
published) 
123- Takin, M., 1972, Iranian geology and continental drift in the Middle-East: Nature, 
Vol.235, PP: 147-150 
124- Tchalenko, J.S., Brand, J., 1974, Seismosity and structure of Zagros (Iran): The main 
Recent fault between 33 and 35 N. phil. Trans. Roy. Society., London, 277 (1262), P. 1-25 
Email:moshaverl380@yahoo.co.uk 
References A.M.U181 
125- Twiss, R.J., and Moores, E.M., 1992: Structural geology. W.H. Freeman and company, 
929p 
126- Verges, J., Burbank, D.W., and Meigs, A., 1996, Unfolding: and inverse approach to 
fold kinematics: Geology, Volume.24, PP. 175-178 
127- Virdi S.N., 2002, toventon? of s l o p ^ g a p P P S ^ ^ ^ I ^ a l iiighway- 52A between 
Banderen and Hangar, Arunachal moesh, Surya Pradesh, MP., Natural hazards and their 
mitigation Journal, 35(2): PP: 49-60 
128- Walker, D.J., R.A.Black, J.K.Linn, A.J. Thomas, R. Wiseman and M.G.D. Aattilo, 1996. 
Development of CIS- oriented databases for intehrated geological and geophysical 
< 
application. Geology Society of Amnca today, Volume. 6, PP: 1-7 
129- White, H.J.O., 1949, Cleavage in East-Central Vermont, trans. Am. Geophysics. 
University, Volume.30 
130- Zotaai A., 2002. The second revolution. ArcUser, Volume.5/4, PP: 10-11. 
131- Zimmerman, J., 1996, Flinn diagram construction for Macintosh computers. In: D.G. de 
Paor (Ed.), Structural geology and personal computers. Pergmon and Elsevier, Oxford, U.K., 
PP: 285-292 
Web Sites : 
uwu npagroup coin 
imp //rst gstc nasa gos 
w w \\ iicic usqs tzox/iicis/cpic/cpic html 
u\\\\ scicnccprof com 
Email: moshaver 13 80@yahoo .co.uk 
